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Abstract

Jia-xu Zuo(Doctor of Philosophy in Physics)

Major Professor: Prof. Wen-qing Shen, Prof. Xiang-zhou Cai

It is believed that a deconfined stat of quark and gluon existed on the

order of micro seconds after the Big Bang, when the universe was at a tem-

perature of approximately 150 to 200 MeV. By relativistic heavy ion, it is

able to test the nature of new nuclear matter state with high temperature and

heavy density which is called Quark-Gluon Plasma(QGP). The anisotropic

flow, strangeness enhancement and jet quenching and so on are considered

probes of the QGP state. From now on, STAR has measured many exciting

results for which imply the existence of the high temperature and density

Of particular interest are the di-hadron correlation and the yield of

baryons and mesons at intermediate pT . The nuclear modification factor

RCP and the centrality dependance of spectra for mid-rapidity K0
S produc-

tion in Au+Au collisions at
√
sNN = 62.4 GeV are measured. The K0

S

candidates are selected based on characteristics of their decays particles in

the STAR Time Projection Chamber (TPC). A statistical treatment is used

to extract RCP (pT ) from their invariant mass distributions. These measure-

ments establish the particle type dependence of RCP in 0.4 < pT < 4.0 and

1v�



vi ABSTRACT

|y| < 1.0. The particle-type dependence of RCP provides a stringent test for

various models of heavy-ion collisions. The suppression manifested in RCP

suggests that the particle production in central Au+Au is different with that

in the d+Au and p+p collision. Also the strong energy loss will be happen of

in the central Au+Au collision. The Λ/K0
S ratio and its energy and systems

dependence are also presented. It indicates that the baryon enhancement

is manifested in the Au+Au collision which provide strong evidence for the

existence of a quark-gluon plasma in Au+Au collisions at RHIC.

We measure relative abundances of K0
S, Λ and Λ̄ in near-side and away-

side cones correlated with triggered high-pT particles in Au+Au collisions

at
√
sNN = 200 GeV. The centrality dependence of identified particles in

the triggered particle cones is also presented. Particle yields and ratios are

extracted on the near-side and away-side. The associate-particle ratios are

studied as a function of the angle relative to the trigger particle azimuth

(∆φ). Such studies should help elucidate the origin of the modifications

in the jet like correlations observed in Au+Au collisions relative to p+p

collisions. And these studies also will help understand the variation of local

parton densities at the away side. These measurements might be related to

several scenarios for interactions of fast partons with the medium created in

Au+Au collision.

The di-hadron correlation between charge hadron and identified particle

are calculated in minimum bias in p+p collisions at
√
sNN = 200 GeV in the

1vi�
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PYTHIA model. From the quark and gluon jet events in the PYTHIA model,

the different splitting particle yield were manifested in the STAR results.

In the quark jet events and the gluon jet events of PYTHIA calculation,

the identified di-hadron correlation is calculated and presented. And the

particle charge dependance of the di-hadron correlation is also extracted

from the PYTHIA model. It seems that the di-hadron correlation of positive

and negative hadron are similar in the near-side (∆φ ∼ 0) distribution, in

the away-side, di-hadron correlation of negative hadron seems lower. The

Hadron-K0
S, hadron-Λ+Λ̄ correlation are also differennt.

The ”A Multi-Phase Transport Model” is used to calculate the elliptic

flow and the fourth order anisotropic flow of Ω baryon in Au+Au collision at

√
sNN = 200 GeV and 62.4 GeV respectively. The v2 of Ω is consistent with

that of STAR measurement with in errors. As of other baryons, the value is

higher than meson v2 in the intermediate pT which also imply the constituent

quark number scaling. The comparisons of Ω elliptic flow among the default

version of AMPT, the melting version of AMPT and the RQMD model

calculation shows that the parton cascade process is important to reproduce

the sizeable v2 in Au+Au collisions at
√
sNN = 200 GeV. The v2 of Ω in

the 62.4 and 200GeV Au+Au collisions seem follow the same trend. The pT

dependance of v4 of Ω baryon in 62.4 GeV and 200 GeV Au+Au collisions

seems also similar in the string melting AMPT model, which indicates the

similar partonic matter phase has been reached in both energies.
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Keywords:Quark-Gluon Plasma, Nuclear Modification factor, baryon en-

hancement, jet quenching, di-hadron correlation, quark jet and gluon jet,

elliptic flow
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1�Ù Úó

�:QCDýó34p§Ý4p�Ý�G�e�U¬�)�«#�Ô��:§��f�

lfN(Quark Gluon Plasma: QGP) [1], ÏL3�éØU«�lf-E�±ÏéÚïÄ

ù«#Ô�����A�"nØþ@�3�»/¤�Ð��ã�mS(�»��¿10−6¦

��)Ó��3ù«p§p��Ô��§éù«#Ô���&ÿÚïÄkÏu·��?�

Ú/n)�»�/¤ÚØÔ��5�"

Ï~§<�ò�þê�u 4��fØÚ¡�lf§lf-E´��\��l

f�Ø�qØ3�½^�eu)-E§l¦�kÔ�G�u)UC�L§"lfÔ

n�ïÄm©uþ�VÊ�c�¥Ï§���lf\�ì==U\��þé��

lf§�Uþé$"lfÔn�uÐé�§Ýþ�6u\�ìEâ!&ÿìE

âÚO�ÅEâ�uÐ"<�XÚ/mÐ¥Ulf-E�ïÄ©uþVl�c�

Ð§Äk´ÜîØf¥%(CERN)òÙ�k� SC\�ìUE�¥Ulf\�ì±9{

I GANIL¢�¿#ï�¥U\�ìÝ\$1§�8��§®kRIKEN(F�)!MSU({

I)!OAKRIDGE({I)!IMP(¥I)Ú LNS-INFN(¿�|)���¢�¿�¥U\�ì

ï¤$1§¦¥Ulf-EïÄ�c¹�§<�éØÔ�5��@£�?�Ú�z"

�X§��f�lfN�ýó�JÑ§�éØU«94à�éØU

« � \ � ì C � � � U ï ¤ § X BEVALAC/Berkely(�1 AGeV)!SIS/GSI(�1
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2 1�Ù Úó

AGeV)!AGS/Brookhaven(2-15 AGeV)!SPS/CERN(40-200 AGeV)§y3�3$1

�RHIC/Brookhaven(�%ØCUþ��62-200 GeV)§±9ò32008cm©$1

�LHC/CERN(�%ØCUþ��6 TeV)"ù�·�é�*Ô�.�?�Ú&¢

Jø
�k?�¢�C�ÚÃã"\�ìEâ��åuÐO\
�\�âf�«a±9

Jp
âf�Uþ§&ÿìEâÚO�ÅEâ�uÐr?
éE,�Ø�A�Ô�ÿþ

Ú�O§ù���éØlf-E�ïÄJø
#�^�"

1.1 QCD–ì?gdÚ§�B4

.�Ô�Ì�´d�f§n�§�Ú�«x0f�¤�"§��B43Øf(Ú¤

k�rfÔ�)p¡§����Ak��¡�Ú�gdÝ§ù�ÚgdÝ�>f¤��>

Ö�aq§A^Quantum Chromodynamics (QCD)nØ§�±£ãù«�ÚgdÝ�Ô

�m�r�p�^"3QCDnØ¥§Ò�1f��>^å�DÂf��§�f�@�´

r�p�^�DÂf"ØÓ�´1f¿Ø�>Ö§�´�f%�kÚÖ§¤±�f��

±��ë\�p�^"3>^�p�^¥ÍÜ~ê´α = 1
137
§�´r�p�^¥ÍÜ~

êαs�Xr�p�^�Äþ=£UC"ã 1-1´¢�ÿþ���r�p�^ÍÜ~êαs

[2]ÚQCDnØýó�'�"

§�mÏL���f¢yr�p�^§��^ålC��r�p�^�ÍÜ~ê�¬

�AC�§§�m��p�^�C��f§ù«�J�¡�ì?gd"ì?gd�¿g

´�ü�§��m�ål���§��m�å�r§u´§�wå5´�B43��é

����(∼1 fm3)S§éu0f5`dü�§�|¤ÃÚ�|§fdn�§�|¤ÃÚ

�|"du3áålSk��rÍÜ�^'��§�6nØ´�±^uQCD¥5ïÄ�

)��Äþ=£�r�p�^(i.e. ML§)"�6QCD(pQCD)�éõO�(J�¢�é

ML§�ÿþ(J��§�´QCD�O�(JØUéÐ/ýóy8�»¥ÓÌ�/ �

^L§"QCD.�KFþé§�m�p�^å���O��k34��r�p�^Úf

12�
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ããã 1-1 ØÓ�¢�ér�p�^ÍÜ~êαs�ÿþ(J"�QCDýó�ÍÜ~êαs(MZ) = 0.118 ±
0.003�'�"

�p�^¥â·^"éuÚ�p�^§pQCDØ´��ék��CqO��{§�6u

o�îAp���¥�lÑ�:þéQCD.�KFþ�´»È©§·��±�Ð�ïÄ

Ú�p�^"�:QCD�úªérÍÜCq�O(L�Äg«�
§�´XÛ�B4�

[3]"�Kþ§�:QCD�±^5ééõÔn5Æ?1ê�O�§¢Sþ§éù
5Æ�

{üO�¿Ø´é¤õ§ù�é·��O��{JÑ
]Ô"

1.2 §��f�lfN(QGP)�ýó9Ù5�

3rÍÜ¥§Uþ�¦©Ñ�ü�§�þ§¿�X§�m�ålO\�5O\"

8c��§·�¿vk*	�)B4�§�µ)B4�§��²þgd§�'Ü©f�

����õ"C5ék�§ÝÚ�Ýe�9åÆ�:QCD�ïÄL²§���v
p�

§ÝÚ�Ý�§§�ò¬¤�)B4G�"ã 1-2 [1]´Uþ�Ý�§Ý�og�T 4�'

13�
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Ç(T´XÚ§Ý)§3���.�§ÝTCNC§ǫ/T
4×��O\"ǫ/T 4�þ?�A
9å

ÆXÚ¥gdÝ�êþ"¯�þ,�ª³�XÚ�C�§�Ú�f¤��A�gdÝ�

L§´�ÎÜ�"

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

1.0 1.5 2.0 2.5 3.0 3.5 4.0

T/Tc 

ε/T4 εSB/T4

3 flavour
2+1 flavour

2 flavour

ããã 1-2 �:QCD�Uþ�Ý"�§ÝT���.§ÝTc�§gdÝ�ê8×�/þ,"ù`²§�Ú�

fC¤
)B4�¤��A�gdÝ"�ÞL«ì?p§�Stefan-Boltzmann�"

31973c§ì?gdnØJÑ�éá��m§dQCDnØÑu [4, 5]§ýó
3¥f

(¥%�3XpUþ�Ýe)B4�§�Ô�� [6]§�©Xeµ

A neutron has radius of about 0.5–1 fm, and so has a density of about 8 × 1014

gm/cm3, whereas the central density of a neutron star can be as much as 1016 −

1017 gm/cm3. In this case, one must expect the hadrons to overlap, and their

individuality to be confused. Therefore, we suggest that there is a phase change,

and that nuclear matter at such high densities is a quark soup.

��§1974c¢U§3�glf-Eï?¬þ§o��(T.D. Lee)k)?Ø
ïÄ

§�Ô��ÔnOy [7]:

Hitherto, in high-energy physics we have concentrated on experiments in which

14�
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we distribute a higher and higher amount of energy into a region with smaller

and smaller dimensions. In order to study the question of “vacuum,” we must

turn to a different direction; we should investigate some “bulk” phenomena by

distributing high energy over a relatively large volume.

ããã 1-3 dÚO�.O���T 48�z�Uþ�ÝǫÚØåP [8]"ØÓ��´éØÓrf�þ�Ì�O�

(J"3�.§ÝT = 158 MeVNC3Uþ�ÝgdÝ¬O\"

3QCDnØÚ§�nØ¥§Ø´¤k�VgÑU
�LrfgdÝ����#�

Ô���"31951c§Pomeranchukb�
��rfÔ���§Ýþ� [9]"38�c

�§HagedornA^�)��g�q�rf���Ü¤Ô��{�Ñ
���q�4�

[10]"·�y3�&ù�§Ý4��N
��Ô����C&E§3ù�Ô��¥§�

Ú�f´)B4�"ã 1-3´�T 48�z�Uþ�Ýǫ/T 4�8�z�ØåP/T 4�'X§

ù5guÚO�.érfíN�O� [8]"31980c§Shuryak²(�JÑ
3ép§Ý

e��U�3ù���«§��f)B4�Ô��§¿·¶�§��f�lfN(Quark

Gluon Plasma) [11]§ld'u§��f�lfN£QGP¤�ïÄÅìÐm"

�XRHIC¢��ÿþÚ�AnØ�ïÄ§�2005c§·�@�ù«§��f)

15�
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B4�Ô���±�·¶�µr�p�^�§��f�lfN( strongly-interacting

quarkõgluon plasma) [12]§�©Xeµ

For our purposes here, we take the QGP to be a (locally) thermally equilibrated

state of matter in which quarks and gluons are deconfined from hadrons, so

that color degrees of freedom become manifest over nuclear, rather than merely

nucleonic, volumes.

glù«p§p��Ô���ýó±5§<�ÏLnØÚ¢�3ØÊ/éÙ5�Ú

A:?1&¢"�)¿�ïÄ)B4�§�Ú�f/¤��¬Ô�(i.e. a quark-gluon

plasma or QGP)´·�ïEÚ$1�éØlf-EÅ��Ð8I��"|^pUþ�

lfå6�p-E§�±�)4àp�ÝÚp§Ýe�Ô�"¢�¥U
���§Ý

Ú�Ý�@��3�fÚ¥f/¤±c�~@Ï��»�~aq§Ïd§·��Ï�U


¼�@Ï�»�k¿Â�(J"lf3pUþe�-E¢�´·�?\ÚïÄì?

gd�QCDnØ���¢�å»§&¢ù�+��QCD�ã´�^-<,¯��Æ�

´"

ïÄ�8�ØÔ�5�Ó�éuUNÔn�´�~��§lfÔn�±�Ñ�


'u¥f(�d3�(�&E(i.e.�þ�»'X§9þüz§�þþ��)"?�Ú/§

éuØÔ�5��Ð�ïÄÚn)ò�Ï·�(½´Ä�3�«#�§�("

1.3 RHIC¥QGP�3��'&�

du�éØlf-E´��Ä����üzL§§§��f�lfNG�é�

U�´ù�L§¥éá6��ã§·��¢��Uÿþ�"�rf�&E§XÛÏLù


"�rfí�§��f�lfN�ã�&E´k�½(J�"�d·�7Lé��


U
�N§��f�lfN�ã&E�Ônþ§�Ò´¤¢QGP&ÿ�&Ò"nØþJ

16�
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Ñ
éõ�U�*ÿþ§�±��Ïé§��f�lfN�&�"ù
*ÿþk�®

²3¢�þ��
éÐ�(J§k�K�k�u¢�u�§�k��¢�y²Ø´ï

ÄQGP�k�&Ò"e¡·�{ü�Qã�
§��f�lfN�3�&ÿ&Ò"

��1fÚV�fµ��1fÚV�fÉ��ÏüzL§��p�^K�é�§¿

�¦��±^5ÿþ§��f�lfN�9Ë�"éõ§��f�lfN¥���1f

5guqq → γg(�«)Úgq → γg(xÊîÑ�)L§"1f���'ÇÚÄþ©Ùû½u3

�lfN¥�§�§�§�Ú�f"��M1f�¯Ý©Ù�N
�Ð�)�0f½´

§��f�lfN�¯Ý©Ù [13]"XJ9�ÐG�´·��§¿�ü�±(�p�

�SDÂ�Å\�§1f�¯Ý©Ùò3¥%¯Ý«Ñyér�¸§��/¤é'�´

31f�¯Ý©ÙÌ¥§3¥%¯Ý«����XÓBjorken©Ù [14]�²�",	��

���±^5*ÿ�´��1f�îÄþpT©Ù�§6NÄåÆO��Ñ�(Jw

«d1fÌ����§Ý3§��f�lfN��?�C¯�¥´~��§Ïd�±�

�QGP�3�&ÿ&Ò"

ì§����Ø$µJ/ψäké��Æ·§¿��k�§�l-E«��âPC�V

�f"ù¦J/ψ¤���&ÿ@Ï-E&E�éÐ&�"3§��f�lfN¥§du�

3X§�!�§�Ú�f§§��ÚÖ´É�¶-�§ù�y��¡��~¶-(Debye

screening)"~���«�~¶-´3Ø �Ô�¥>Ö�¶-�A"XJ3�lfN

¥§J/ψâfåP
��ì§�cÚ��ì�§�c§�~¶-�Aò�fcc�m��p�

^"d	§du§�Ú�f)B4§3cÚc�m�u�Üå���""±þü��J(Ü

å5§3QGP¥J/ψ���ò�Ø$ [15]"

ÛÉ5�Orµ3�f-�f-E¥§�)�âf¥�ÛÉ§��u§d§��'Ù�

��3X²w�Ø$ [16, 17]§ù´dussäk����þ§ù�Ø$�Xâf¤¹k

�ÛÉ§��ê8O\"3��
9²ïÚzÆ²ï�QGP¥§ss�±dü��f½

´qqé��p�^�)"+Þ�pQCDO�L²�gL§�k3
√
s ≤0.6GeV��ÿâ

17�
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U
Ó|��^ [18]"O��Ó�L²du�f��f�p�^�)�ÛÉâfÚ�ÛÉ

âfzÆ²ï��m��33∼6fm/c§ù��m��lfN�§Ý�k'X"d±þ�

?Ø§ÛÉâf���ÚõÛÉ0fÚf���3QGP¥�3�Ó§Ýe�X{rf

Ô�¥�'�§òäkér�O\ [19, 20]"ïÄL²§ÛÉâf�O\Ø¬�X-E�

)Ô��)äÚe%�»�½ö�) [21–23]§,§é²ï�m��OØU
¿©�

r¦3QGPe%cÛÉrf��Ú"

9åÆCþµ3pU-E¢�¥§âf��î�ÄU©Ù�±���{ü��ê¼ê

¤£ãµe−mT/T"ùpT´�Ç§mT´î��þ"ÄåÆ²ï�@�´3î�gdÝ¥

Ì���*ÿþ¶Ïd§î�Äþ½´î��þ©Ù���Ç�^5J�§Ý"�Ç

�ê�Jø
'u§Ý�&EÚ8Nî�6�&E [24]¶·��U
d�
�l�ê¼ê

�©Ù���
#�Ôn&E§~X0�K�� [25]"�~�ØÔ�§~XQGP§�±

ÏLâfÌ¥���p§¤©*ÿ�¶½´ÏLπâf�õê�pG©Ù [26]5*	"

ÏL²þîÄþ< pT >�¯Ý�ÝdN/dy½îUþ�ÝdN/dET�©Ù§G��§(Uþ

�ÝǫÚ§ÝT�'X)�±��¢�þ�&�"XJu)�C(~XµgdÝêþ×�U

C)§²þîÄþ< pT >�©Ù3·Ü�¥ò´üNþ,��§,�½3��Y²G

�"6NÄåÆ�ïÄ [27, 28]L²ù�½�Y²G�é�U�-E�)�8N6¤»

�"

pîÄþâfµ3Ô�L¡��¯���>âfBLÔ�½öË��5Uþ��, �

q�Å��u)3¯��§�Ú�fBL��Ô��L§¥"§��Uþ��Ú0��

Ú>0�4z5�m�éX�±ïá3�>^Uþ���aq�nØþ [29–31]"éu�

éØâf5`Ë��^´�~p�Ç�Uþ���ª§�´3p�ÝÔ�¥ù«�Aò

�Landau-Pomeranchuk�A [32]r��Ø$"d±þü:��§§��f�lfN¥�

{��A'rfÔ�¥�{��A���õ§�pîÄþ�âf��©ÙÚý�6�

�Ð��f�Ý´���'� [33]"

18�
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HBT(Hanbury-Brown-Twiss)'é�Aµ3��é��'éÄþ��S&ÿ�ü�Å

Úf�AÇ�§��m�þfåÆÅÄ�§�Z�k'§ÅÚf�����&Eû

½ù«Z��A§ù«�A�¡�Hanbury- Brown-Twiss (HBT)�A"§´dHanbury-

BrownÚTwissü<�kA^3éð(��»�ÿþ¥"é-Eu�âfHBT�ÿþdp

�Úî���»��§�u�39e%��Æ·k' [34–38]"Ó���±ïÄ��O

âf�m�'é§ù«�âf�'�'é�±Jøâf(����&E§��±^5

(½Ë�ØÓ«aâf��mgS [39]"�r��?�C(first order transition) [37, 40]¬

��äk$Øå§�ú)äÚ�Æ·�u�^�QGP�%"Ïd§dHBT�Aÿþ��

���&E´�~��QGP&Ò"

Ø
±þ{ü0��QGP&Ò�	§·���±ÏLérf��É58N6�ÿþ

5(½QGP��3",	§XJQGP3éØlf-E¥�)§���Äþé��â

f£jet¤BLQGP�§¬��Uþ§nØþ@�âf3QGP�¥�U�´3rfÔ�

�¥�A��§ù�¡��5|»(jet quenching) [41]§ÏdÏé�5|»y��U(

½QGP��3"Ó�ÏLÿþpîÄþâf���Ø$Ú�é�� �'é�y�§·

���±��QGP�&E"

1.4 RHIC¢��ÿþ(J

1.4.1 Ø-Ø-E�-EAÛ

éu�f-�f-EÚØ-Ø-E�-EAÛ´ØÓ�"Ïd·�òØÓ�-EU

ì¯��-E¥%Ý(Centrality)5O(/©a"-E¥%Ý´�ü�Ø-E�p�

�S�z©'§-Eëêbk���'X"b�½Â�Ø-Ø-E¥-E�ü�Ø¥%

�m�î�ål§¦+bØU3¢�¥��ÿþ§�´3nØ�.ïÄ¥%�2�

¦^"ã 1-4´Ø-Ø-E�-EAÛ¥�'ëþ�«¿ã"-Eë\öê8Npart´

19�
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L«Ø-Ø�p�^¥-E¥%Ý�,	��ëê§´b�¼ê"oÑ/ù§bé��

é%-E¥�)éõë�-E�Øf§Ïäk'���Npart"éu�¥%�-

E§-Eëêb ≈ 0§Npart ≈ A + A§k'���-E¥%Ýz©'ê�",��

aq�-Eëþ§Nbinary§£ã
ØÓ¥%ÝeØ-Ø-E¥u)�üN-E�g

ê"NpartÚNbinary�±dGlauber�.O���"3STAR¢�¥§éuAu+Au-E§

-E¥%Ý´dÿþ��>âfõêNch5½Â�"¥%-Eäk'����>âfõ

êNch"

ããã 1-4 RHIC-STAR¢�Au+Au-E¥§Ø-Ø-EAÛÚ-E¥%Ý�ã«`²"ã¥�-E¥%Ý�

z©'êi¿ØO(§�´�
`²½Â"

1.4.2 âf���©ÙÌÚØ?�Ïf(RCP)

3�éØØ-Ø-E¥§���*ÿþ��Ò´âf��A�¡½´âf���

î��þmT =
√

m2 + p2
T§ÚîÄþpT©ÙÌ"3p+p½e+e-E¥§�©ØC�A�

¡Ed3σ/dpxdpydpz´����*ÿþ"3lf-E¥§·�Ï~ÿþ�½¯Ý«m

Sâf���î��þ(Äþ)©Ùd2N/2πpTdpTdy§�Ï´ù�©ÙBuÿþ§�±y²

î��þÚîÄþ©Ù´�d�"ÿþ�î��þÌ�¯�ê8�§Ò�du�©�

¡"

110�
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âfî��þ©ÙÌ�/Gû½u-E�ÄåÆÅ�"ã 1-5´3STARUþ

�
√
s

NN
= 200 GeV�Au+Au-E¥§Λ(Λ)§Ξ(Ξ)§Ω− + Ω

+
3¥m¯Ý«��îÄþ©

ÙÌ"ÛÉâfÚ�ÛÉâfäkÓ���/G`²§�äk�Ó�rfzÅ�"Ø

Ó�-E¥%Ý�âfî��þ©ÙÌäkØÓ��/G§ù`²ØÓ�-Eëê�

�üzÅ�ØÓ"

ããã 1-5 3Uþ�
√

sNN = 200 GeV�Au+Au-E¥§¥m¯Ý«�Λ§ΞÚΩ�pT©ÙÌ [42]"

ã 1-6´3STARUþ�
√
s

NN
= 200 GeV�Au+Au-E¥§π+§π−Úp§p���î

Äþ©Ù [121]"éu��Ì�[Ü�§Ú�'�Ôn§·�ò3�¡�Ù!äN?Ø"

3lf-E¢�¥§ÏL�O½ïâf§�±éÐ/©OïÄ$îÄþ(Soft)Úpî

Äþ(Hard)«��ÄåÆÅ�"

Xc¤ã§pîÄþrf��)–�)�îÄþ=£�Ü©fÑ�–�@�´ïÄl

f-E@ÏG��&���"pUþ�Ü©fÏLp�ÝÔ��ò¬ÏL�fË��

�Uþ [44–46]§o�Uþ��û½uÔ��ÚÖ�Ý§ÏdÜ©f�Uþ��½´�Î

|»(jet-quenching)y��±ÏLéØ-Ø-E¥�)âf�Ø?�Ïf(RCP½RAA)ÿþ

5ïÄ"dØ-Ø-E¥âf����f-E¥âf���'Ç�±��Ø?�Ïf"T

111�
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0 2 4 6 8 10 12 14 16

-2
) 

(G
eV

/c
)

T
d

yd
p

T
pπ

N
)/

(2
2

(d

-1010

-710

-410

-110

210

510

310×0-12%
210×10-20%

10×20-40%

MB (0-80%)

40-60%/10
240-80%/10
360-80%/10

 (dE/dx)+πAuAu: 
 (dE/dx)-πAuAu: 
 (TOF)+πAuAu: 
 (TOF)-πAuAu: 

0 2 4 6 8 10 12

AuAu: p (dE/dx)
 (dE/dx)pAuAu: 

AuAu: p (TOF)
 (TOF)pAuAu: 

 (GeV/c)
T

Transverse Momentum p

ããã 1-6 STAR¢�|3Uþ�
√

sNN = 200 GeV�Au+Au-E¥ÿþ�¥m¯Ý«�(|y| < 0.5)ØÓ-E

¥%Ýeπ±§pÚp���pT©ÙÌ"

'Ç�TAA = 〈Nbinary〉/σNN
inel8�z§5�ØduXÚº�ØÓ�5�âf��Czµ

RAA(pT ) =
d2nAA/dpTdη

TAAd2σNN/dpTdη
(1-1)

Ù¥§η´�¯Ý§Nbinary´Ø-Ø-E¥üN-E�gê"

ã 1-7´Uþ�
√
s

NN
= 200 GeV�Au+Au-E¥§�>rfÚπ0�RAA"XJ��

ÄXÚAÛ�A§²LNbinary8�z±�RAAATª�u1.0"3Au+Au¥%-E¥§p

îÄþ«��âf���éup+p-E¥´²wØ$�§=RAA²w�u1.0"�´3±

>-E¥§Nbinary8�zâf��Úp+p-E¥´���§RAA�u1.0"éu�>rfî

Äþ����3pT > 5 GeV/c�Ñyâf���²wØ$§éuπ0��Ø$�îÄþ�

���3pT > 3 GeV/c"

XÓRAA§·�½Â¥%-Eâf���±>-Eâf���'Ç��)âf�Ø?

�ÏfRCPµ

RCP (pT ) =
[dn/ (NbinarydpT )]central

[dn/ (NbinarydpT )]peripheral
. (1-2)

�±>-E�RAA�ÌNbinary8�z�§RCP ≈ Rcentral
AA "'ÇRCP�XÚØ��'RAA�

112�
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10
-1

1

2 4 6 8 10
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10
-1

1

2 4 6 8 10
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-1

1

2 4 6 8 10
10

-1

1

2 4 6 8 10
10

-1

1

2 4 6 8 10

ããã 1-7 3Uþ�
√

s
NN

= 200 GeV�Au+Au-E¥§�>rf [47]Úπ00f�Ø?�ÏfRAA [48]"ã

¥´d¥%-E(0-5%)�±>-E(60-80%)�Ø?�Ïf"ã¥�´ÄuÜ©fUþ��ÚÙ¦�fØ

�A��.O�(J [49]"

0 2 4 6 8 10 12

C
P

R

0.2

0.4

0.6

0.8

1

1.2

1.4
(a)0-12%/40-80%

-π++π
pp+

Vitev

0 2 4 6 8 10 12

(b)20-40%/40-80%

0 2 4 6 8 10 12

(c)0-12%/60-80%

 (GeV/c)
T

Transverse Momentum p
ããã 1-8 STAR¢�|ÿþ�Uþ�

√
s

NN
= 200 GeV�Au+Au-E¥§π±Úp + p�Ø?�ÏfRCP"n

��ã©Ow«
ØÓ-E¥%Ý(0-12%Ú20-40%-E�A�¡)�±>-E(40–60%Ú60–80%-E�A

�¡)�'� [121]"

113�
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�õ§¿�ØI�ép+p-E�ë�þ?1ÿþ"3ã 1-8¥´π±Úp + p�Ø?�Ï

fRCP§�±w�¥%-Eâf�����8�z�±>-Eâf����'�äk²

w�Ø$§�>âf�Ø$��Ñy3pT > 5 GeV/c��� [47]"pîÄþpTeâf�

��Ø$�X-E¥%Ýl¥%�±>CzÅì~f"��Ø$�âf«a�'5´

·�3RHIC¢�¥*	����k��y�"dã¥§·��±�Ù�w�RCP3¥m

îÄþ«�1.5 < pT < 5.0GeV/c�âf«a��'5 [121]§f�RCP30��RCPþ

¡§�´3pîÄþ«�§fÚ0f�RCP8��å",	§Uþ���±Úå"�

Äþ�m���É5§¤±v2ÚRCP�âf«a�'5�ò´Uþ��kå�&ÿÃã"

1.4.3 âf��'Ç�ÿþ

ÏLé-E¥âf��îÄþÌ�ÿþ§·���±UYïÄØÓâf�m���'

Ç�îÄþÌ"Xf�0f�'Ç§�f�f�'Ç��"ÏLéù
âf��

'Ç�ïÄ§·��±��'uâf�)Å�ÚÜ©f�Ý�&E§±9QGP�)�&

Ò"

0 2 4 6 80

0.5

1

Central Au+Au: PHENIX

Central Au+Au: STAR

p+p NSD: STAR

 ggg: ARGUS→ -+e+e

: ARGUSq q→ -+e+e

Au+Au near-side &

away-side: PHENIX

-π/p

0 2 4 6 80

0.5

1

S
0/KΛ×0.5 Central Au+Au: STAR

40%-60% central: STAR

p+p: STAR

B
ar

yo
n 

to
 M

es
on

 R
at

io

 (GeV/c)
T

Transverse Momentum p

STAR Preliminary Data

ããã 1-9 �ãµSTARUþ�
√

s
NN

= 200 GeV�p+pÚAu+Au¥%-E¥§¥%¯Ý«��p/π−'Ç"

Ó��Ñ
ARGUS¢�|3Uþ�
√

s = 10GeV�e+ + e−-E¥�ÿþ(J§�)ü«¯�§e+ + e− →
gggÚe+ + e− → qq"PHENIX¢�|ÿþ�� �'é^�e�'éâfp/π−'Ç��å�Ñ"mãµ

3Au+Au¥%-EÚ±>-E¯�¥±9p+p-E¥�Λ/K0
S�'Ç"
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ã 1-9¥��ã´p/π−�'Ç�îÄþpT�©Ù'X"ã¥�Ñ
ù�'Ç©

O3e+ + e− [50]§p+p [51]ÚAu+Au [51, 120]-E¥�ÿþ(J"mã´STARÿþ

�Λ/K0
S'Ç§¢�(J¦
Xê0.5¦ê�þ�±Ú�ã?1'� [53]"3¥mîÄþ«

�§f���O\3p/π−'Ç¥�±²w/�*	�§3îÄþpT ≈ 3.0GeV/c�§ù

�'Ç�����§Ù��C1.0"f�Ü�.(baryon junctions)�O� [54]ýóf

�0f'ÇÑy����îÄþ�¬�X¥%Ý�O\O\"ù�±3Λ/K0
S'Ç�(

J¥*ÿ§�´duêâ^����§y3�ØU��²(�(Ø"

0 2 4 6 80

0.5

1

/pp Central Au+Au: PHENIX

Central Au+Au: STAR

pQCD

Soft+Quench

0 2 4 6 80

0.5

1

Λ/Λ Central Au+Au: STAR

pQCD Soft+Quench

A
nt

i-
ba

ry
on

 to
 B

ar
yo

n 
R

at
io

 (GeV/c)
T

Transverse Momentum p

STAR Preliminary

ããã 1-10 �ãµUþ�
√

s
NN

= 200 GeV�Au+Au¥%-E¥§¥%¯Ý«�p/p'Ç"�Ú��f´X

ÚØ�"mãµUþ�
√

s
NN

= 200 GeV�Au+Au¥%-E¥§¥%¯Ý«�Λ/Λ'Ç"

d�fÚf�'Ç·��±���õ'uf�)�&E"ã 1-10´�f�

f�'Ç�îÄþ�'X [53]"�ã´p/p�'Ç§mã´Λ/Λ�'Ç"Ù¥�´k'

�.�O� [54]"·��±w�pQCD�O�(J�¢�êâ²w´Ø���§ù`²3

îÄþpT < 6.0GeV/c���§��6�Aéf�)å
��^"/Soft+Quench0

�O�A^f�Ü�y�¤õ/£ã
¢�êâ�ª³§3ù�O�¥§f²w�

O\´dupîÄþ0f���Ø$E¤�§Ó�ù��.��±éÐ/£ãp/π−'Ç

�UþÚ-EXÚ��'5"

�C�kïÄL²�±ÏLd/p�'Ç(ØÓ�A�¡�'Ç)5ÿþ3ÄåÆe%�
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 (GeV)NNs
1 10 210 310

p/d

-610

-510

-410

-310

-210

HI
pp,pA
pγ

-e+e

ããã 1-11 d/p�'Ç�-EUþ�'X"

���f��m�Ý"ã 1-11´3ØÓ¢�êâ¥J��d/p'Ç"3q + gÚg + g�Ì

��A�-E¥§�Ú��f�Ý310−3þ?§,3q + q(q)½q + g�Ì�-E�A

¥§�f��Ýò��õ [55–57]",	§·��±w�3�f�Î¯�¥âf���

©Ù�'3�A�§��Î¯�¥^�
"ù�3Äþ�mÚ�I�mþ�Ø O\


��m¥f��Ý"o�§3k�fë\��A¥§f��Ý����uvk�f

ë\��A¥f��Ý [58, 59]"

1.4.4 ý�6�ÿþ

3�¥%�Au+Au-E¥§3-E«�Ð©�m���É5�±^l%Ç5½Âµ

ε =
< y2 − x2 >

< y2 + x2 >
(1-3)

ùpxÚy´�S«���m�I"�C§kïÆÏLéý�6�¥%Ý�'5�ÿ

þ�±��XÚ´Ä��9²ï�&E [60]"ÏLéXÚ�9z�ïÄ§·��±�

�QGP/¤�yâ"ù�?ØÌ�Äuü�4�µ1�§�9z�'�§36N�4�

Sý�6�¥%Ý�'5Ì�dl%Ç½Â"1�§3$�Ý4�§ù�ÄåÆ9z�
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vk��§ý�6�l%ÇÚ�Ð�âf�Ý´�'�"kïÄL²v2/ε�X¥%¯Ý«

�âf�Ý(1/S ∗ dNch/dy§Ù¥S´-EU«��¡È)O\§âf�Ý½Â
âf

m2Ñ��AÇ"3¥%-E¥§�)âf�m�-E´'�ª��§v2/ε�O\`²3

¥%-E¥�Ô�XÚ�X9z���üz [60]"

2
A

ni
so

tr
op

y 
P

ar
am

et
er

 v

 (GeV/c)TTransverse Momentum p

0 0.5 1 1.5

0

0.05

0.1

-π++π
0
SK

-+K+K
pp+
Λ+Λ

Hydro model
π
K
p
Λ

ããã 1-12 3Uþ�
√

s
NN

= 200 GeV�Au+Au-E¥§��Oâf3$îÄþ��S�ý�6"ã¥

�´6NåÆO��(J"

ã 1-12´3Uþ�
√
s

NN
= 200 GeV�Au+Au-E¥§$îÄþpTe��Oâ

fπ±§K0
S§pÚΛ + Λ�ý�6"3îÄþpT < 1.6GeV/c��S§3�Ó�îÄþ§

âf�ý�6�'�âf�ý�6�§ù«âf�þ�'5�±éÐ/�6NåÆ�

.[Ü"3ù�6NåÆ�.�O�¥ [61, 62]§�.§Ý��´165MeV§e%§Ý

´130MeV"Ó��I�¢�þéý�6�-E¥%Ý�65?1ÿþ"

ã 1-13´STAR¢�|3Uþ�
√
s

NN
= 200 GeV�Au+Au-E¥ÿþ���Oâ

fπ+ + π−§p + p ÚÛÉâfK0
S§Λ + Λ§Ξ− + Ξ

+
§Ω− + Ω

+
�ý�6"ÿþ(J��

�±��îÄþpT ∼ 7GeV���"�ã´ý�6�îÄþpT�©Ù'X§ã¥©O´

3ØÓ-E¥%Ýÿþ�(J"3$îÄþ��§âf�ý�6�Ì�þ�'5§6N
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2v

0

0.1
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0.3
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S
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Ξ + -Ξ
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Ω + -Ω
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2v
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S
0K Λ + Λ

+
Ξ + -Ξ

+
Ω + -Ω
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0
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0.3
(c) 10%-40%

)2 - m (GeV/cTm
0 1 2 3 4 5 6 7

(d) 0%-10%

ããã 1-13 3Uþ�
√

s
NN

= 200 GeV�Au+Au-E¥§��OâfÚõÛÉ§�âf�ý�6"ØÓ

�ã´ý�63ØÓ-E¥%Ý�ÿþ(J [62]"�ãµ´ý�6�îÄþpT�'X¶mãµ´ý�6

�mT − m0�'X"

åÆ�.O��±�Ð/[Ü¢�êâ"3¥mîÄþ«�§âf�ý�6Ø2w«�

þ�'5§����´âf«a�'5§3�Ó�îÄþ�§f�ý�6��u0

f�ý�6"rfý�6duÙ|©§�ê8�ØÓ©¤fÚ0fü|"mã´

ý�6�mT −m0�©Ù'X§ã¥Ó�´3ØÓ-E¥%Ý¥�ÿþ(J"3$îÄ

U(KT )«�§¤k�rfý�6Ñ�Ì��üNO\aq�5�©Ù"Ó�§3¥mî

ÄU«�§âf�ý�6��3âf«a�'5"3'�$�îÄþÚîÄU«�§3

¥%-E¥§·��ÿþ�
�u"�rfý�6"

õÛÉ§�fΞ− + Ξ
+
§Ω− + Ω

+
�ý�6�Λ + Λ�ý�6´���"õÛÉ§

�fäk����rf�A�-E�¡ [63–66]§¤±§�ý¢�ý�6�½�¹
@

Ï�Ü©f��&E§�3$îÄþ«�§§��ý�6�6NåÆ��þ�'5�

�§ù�`²3RHIC¢�¥Ü©f���3"

�|©§�ê8nq8�z�ý�6v2Ú8�z�îÄþpT�©Ù3ã 1-14¥�Ñ"é

u0fnq = 2§éufnq = 3"3pT/nq > 1.0GeV/c���§¤kâf�ý�6Ñ�±

�Ð�8�z��^�§·�rùy���ý�6�|©§�ê8IÝÇ(Number of

Constituent Quark Scaling)"ù�IÝÇwå5�±`²3¥mîÄþ«�§|©§�´
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 (GeV/c)q/n
T

p
0 0.5 1 1.5 2

q
/n 2v

0
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0.1

0.15 S
0K

Λ + Λ

+
Ξ + -Ξ

+
Ω + -Ω

φ

)2 (GeV/c
q

)/n0 - m
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(m
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-π + +π pp + 

Polynomial Fit

ããã 1-14 3Uþ�
√

s
NN

= 200 GeV�Au+Au-E¥§��OâfÚõÛÉâf�|©§�ê88�z

�ý�6v2/nq�pT /nqÚmT − m0/nq�©Ù'X [62]"

û½rfý�6�Ì�gdÝ"§�LÜ/2(Ü�. [68–70, 135]b½|©§�3/¤r

f�cÒ��Xý�6&E"rf�ý�6duù
|©§��(Ü(i.e. rfz)�

)§ù
�.�±éÐ/)ºù«NCQIÝÇ"

1.4.5 Vâf(Di-Hadron)� �'é�¢�ÿþÚnØïÄ

3RHIC¥§éüâf� �'é�ïÄ�±���Î�-E�)�Ô��p�^�

�[&E§�ù«ïÄ�{�`uÏLürfÌÆÿþ���&E"�éØlf-

E¢�¥§�é��'é¯�3Ä��p+p-E¥�±8ÏuØÓ«a0��(J§ù«

�é�¯��ÀJÌ�û½u>uâf�îÄþpTrig
T Ú'éâfîÄþpAsso

T ��"

3ã 1-15¥ [71]´Vâf'é3ØÓ�>uâfîÄþpTrig
T ��Ú'éâfîÄ

þpAsso
T ���«¿ã"Äu·�y3�¢�(JÚnØïÄ§�±òîÄþ��©

¤o�«m§3ØÓ�«mäkØÓ�Ôn"3pîÄþpT��§STAR�ÿþ(J

[72]w«3Au+Au-E¥Away-Side��þ§�Î�êþ�3p+p-E¥�'äk4-5�

�Ø$§�´�´�±X�'�/G"ù�y��U5u����Ð�530

�¥�3¿÷X����u� [73]½´BL0� [74]§½öü«�¹Ñ�3 [75]�Å
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ããã 1-15 >uâfÚ'éâfîÄþpT��«¿ã"îÄþpT�©�o�ØÓ�«�"

�"3ã 1-16¥´STARÿþ�pîÄþâfm�� �'é©Ù§>uâf�î

Äþ��´pT > 4.0GeV/c§'éâf�îÄþ��´pT > 2.0GeV/c"ã¥Ó�'�


3Au+Au¥%-E§p+pÚd+Au-E¥�ÿþ(J"·��±uy3Near-Side�

�(∆φ ≈ 0.)§ØÓ�-EXÚ¥§'é¸�°ÝÚ¸ Ä�´�Ó�"3Away-

Side��þ(∆φ ≈ π)§p+pÚd+Au-E¥§'é¸�'Near-Sidek�½�Ð°§�´

3Au+Au-E¥§'é¸Ä����""XJù«'éý�´�5���(J§ù�'

é����U´duÜ©f"��rÑ��p�^§½´�53Au+Au-E�)���

Ô�¥���(J [149]"3ù«�¹e§3-E«�L¡���Ü©fÑ�¥§Mrf

´`ku)�(Near-Side¸)§�´Away-Side��Ü©f7L3��Ô�¥²L���å

l"

3¥mîÄþ«�(1.0 < pT < 4.0GeV/c)§Near-Side��EÎ´'�p�Ä�'

é¸§�3d+AuÚAu+Au-EXÚ¥´�±'��"�´3Away-Side��þ§

'é¼ê�©Ù¿Ø�3pîÄþe�(J§�äk-E¥%Ý�'5 [116]"ã

1-17´STARÿþ�¥mîÄþ«��Vâf� �'é¼ê§Ù¥>uâf�îÄþ

��´2.5 < pTrig
T < 4.0GeV/c§'éâfîÄþ��´1.0 < pAsso

T < 2.5GeV/c§ã

¥d��m´d�±>-E��¥%-E�(J"�d+Au-E�'§3Au+Au-E
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0
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d+Au min. bias

0
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g
e
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φ
  )
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(b)

 h++h-

ããã 1-16 pîÄþeVâf� �'é"Ó�'�
3p+p§d+AuÚAu+Au¥%-E¥�ÿþ"

ããã 1-17 ¥mîÄþ«�Vâf� �'é"Ó�'�
3Uþ�
√

s
NN

= 200 GeV�d+Au-E

ÚAu+Au-E¥§ØÓ-E¥%Ý�ÿþ(J"
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¥Away-Side��k²w�Ð°Úâf���O\"3ØÓ¥%Ý�Au+Au-E¥§d±

>�¥%§Away-Side���'é¼êd��ü¸§���Ð°�¸§3�¥%�-E

¥Ø�äkÐ°�ÑyaqVü¸�(�"3∆φ ∼ πØ2´��ü¸§´3π�ü

>ÑyV¸ [78, 79]"·�òù«V¸(�6�¡�êâ¸(�(Mach-Cone)"éuù«

y��)��Ï§·��Ø´é²(/��§8c®²k�
nØ�ïÄ5Áã`²ù

�y�"k*:@�du�53��Ô�¥�Ý�~¯§¯L
-E�)�Ô�¥�(

�§lÑy
êâÅ§u´3'é¼ê¥Ñyù«V¸(� [81, 128, 129]"�k*:@

���5BL��Ô��§�f�êÔ�ÅË�¬E¤ù«Away-Side��þ�V¸(�

[84, 125]"Ó��k*:@��53��Ô�¥$Ä�§$Ä��u) l§lE¤


ù«(� [127]"�k*:@�du�f�Ë��)ù«(� [126]"ïÄ�uyÜ©f

Ñ�§éù«V¸(���)�å�
��^ [186]"Ó�§A^��äkÚÖ��5

-u��Ô�8N$Ä��{��±�)ù«(� [88]"�kÏLA^�5|»3�éØ

6NåÆ¥�üzL§5?Øù�(��/¤ [89]",	§§�|Ü�.�U�é¢�þ

'éâf�î�ÄþÌ�Ñ
éÐ�£ã [90]"ÿþnâf'é¼ê��{�@�´�«

'�k�«©�5 lÚêâÅÅ���{ [91, 92]"

���Ü©´$îÄþ«�"3ù�îÄþ��S§STAR¢�|�3ÿþ��Oâ

f�� �'é¼ê"dÐÚ(J�±w�§3�¥%-E�¯�¥§$îÄþ�rf

� �'é©Ù§�Away-Side��q�¿vk²w�V¸(�"��5¬éù�îÄ

þ«�¥�fÚ0f��)E¤ØÓ�K�"�´ù�´éÐÚ�(J§�?�Ú�

ïÄ�3?1¥§·�Ï�U��<a,��(J"

1.5 �Ø©8�ÚV�

3�Ø©¥§·�òÿþ3STARUþ�
√
s

NN
= 62.4 GeV�Au+Au-E¥§K0

S0

f�âf��Ì9ÙØ?�ÏfRCP§¿��'âf�
'�§�Ú
√
s

NN
= 200
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GeV�Au+Au-E¥K0
Sÿþ�(J'�§5ïÄÛÉâfK

0
S��)Å�"·��:

´&¢lf-E�@Ï&E§Úd-E�)���Ô���3Ú5�§éuâf��

ÚØ?�Ïf�ïÄ�±�Ï·�n)lf-E¥rfz�Å�§±B(½lf-

EU
�)��Ô�"Ó�·��ÏLéâf� �'é�ïÄ§5&¢3��Ô�¥

Uþ���Å�§ÚUþ���âf�)Å��m�éX"

31�Ù¥§·�?Ø^uïÄ�éØlf-E�\�ìÚ&ÿì"BNL��

éØlf-EÅ(The Relativistic Heavy-Ion Collider (RHIC))ò�0�£ã§Ù¥the

Solenoidal Tracker at RHIC (STAR)&ÿìò�XÚ�0�"31nÙ¥§·�Ì�0�

ÌSTAR��
¢�©Û�{"31o!ÊÙ¥§©O0�âf� �'éÚK0
S0f�

âf��Ì�ÿþ(J"318!ÔÙ¥§0�A^AMPT�.ÚPYTHIA�.'uý

�6Ú� �'é�nØïÄ"��·�ò�Ño(ÚÐ""
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1�Ù �éØlf-E¢�C�

ykÔnÆnØ@�§�»3�)��z�©�A¦S§Ô�±�«p§p��G�

�3§d§�(quark)Ú�f(gluon)|¤§Ù¥��)�þ>f!1fÚÙ¦Ä�âf§

ù«Ô�/��¡�/§�-�f�lfN0"ù«·ÜÔ�§Ýp�þ�·e§'��

Ø%��¾910��±þ"3�»@Ï�/§�-�f�lfN0¥§§�Ú�f�Ä�

âf±)B4�gdG��3"�X�»�e%(Ü/¤�fÚ¥f§��/¤�fØ

9�f§�ª�)8U��»�Ô"�éØlf-EÁã3¢�¿¥y�»��¿

�@Ï�Ô�G�§Ïé�U�§�-�f�lfN¿ïÄÙA5"

2.1 �éØlf-EÅ–RHIC

{IÙ°�°©I[¢�¿(Brookhaven National Laboratory(BNL))��éØl

f-EÅ(The Relativistic Heavy Ion Collider(RHIC))´�
A^�éØU«�lf

åé%-E¢��O�"RHIC´.þ8c�3$1�Uþ�p�lf-E\

�ì"3ù�\�ì¥§lfå�Uþ�±��100 GeV/u§Ù�%XUþ�±�

�
√
sNN = 200 GeV"´�½q�lf-E¢��%XUþ�A��½�p"î³Ø

f¥%(CERN)�LHC\�ìU���p��%XUþ§§ò32008cm©$1"·�

òRHIC\�ì�ëê�Ù¦$1�lf-E¢�\�ì�ëê3Table 2-1¥?1
'

�"
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ããã 2-1 BNL�lf\�ì-EÅ©Ù«¿ã"Ù¥�)RHICéE�±93RHICþ�o�¢�| 

�§��)AGS\�ìÚG�\�ì"
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LLL 2-1 RHIC¢��Ù¦pUlf-E¢�'�; Amax´���Ø��þê§Emax
P ´�d�zØf�

�½qå6��Uþ§
√

s
NN
´zØf����%Uþ§

√
s

AA
´�%oUþ§∆y/2´å6�¥%¯Ý�

�å [93]"

AGS AGS SPS SPS SPS RHIC RHIC LHC

Start year 1986 1992 1986 1994 1999 2000 2001 2006

Amax
28Si 197Au 32S 208Pb 208Pb 197Au 197Au 208Pb

Emax
P [AGev] 14.6 11 200 158 40 0.91E4 2.1E4 1.9E7

√
s

NN
[GeV] 5.4 4.7 19.2 17.2 8.75 130 200 6000

√
s

AA
[GeV] 151 934 614 3.6E3 1.8E3 2.6E4 4E4 1.2E6

∆y/2 1.72 1.58 2.96 2.91 2.22 4.94 5.37 8.77

RHIC�)ü^Ó¥%���^c�(e%§Ý$u4.6K)^5à�ÚÚ�å6\

�¿?1-E§���»���1.22úp"ã 2-1´BNL�RHIC\�ì�©Ù«¿

ã§Ù¥�)^5\�Aulf¦�Uþ��RHIC5\Uþ�\�ì§§�±\�

l�f(250GeV)��Aulf(100GeVzØf)��«lf¿¦�éE"Äklf3

1��G�·>\�ì(the Tandem Van de Graaff)¥�\��15MeV§Aulf�k�

>Ö�Q = −1e",�lf²L1���lì(the Stripping Foil)§ù��lì3ü

�Tandem�m§3ùp>f��l§¦Aulf¤��>Ö��Q = +12e"��Xl

f�K>ÖCz���>Ö§lf?\1��G�·>\�ì§3ùplf¼�,	

�1MeV/u�Uþ"�lf��ÏLG�·>\�ì�§lfò²L1���lì§�

�lf¤��>Ö�Q = +32e",�lfò�5\Orì(the Booster Synchrotrom)¿

��\��95MeV/u�Uþ"3Orì��CFÝÓÚ\�ì(the Alternating Gradient

Synchrotron(AGS))�m��lìòlf�>f?�Ú�l§¦lf¤��>Ö�

�Q = +77e"3�CFÝÓÚ\�ì(AGS)¥§lf�\��10.8GeV/u�Uþ"lfl

�CFÝÓÚ\�ì(AGS)Ñ5�§�ÏL�����lì§ùpòlfK-���>f�

l§¦lf�>Ö��Q = +79e"��§lf�5\RHIC�p¡§�\���pUþ¿

�U
��10���5?1¢�"3RHIC¥§�péE�´Ó�«lf§©O3ü�

Õá���;��¥È\!\�!;�§¿�±38�éE:��éE"L 2-2 ¥�Ñ


RHIC�Ì�ëê"
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LLL 2-2 RHIC¢�¥Au+Au-E�ëê"

Top Au+Au
√

s
NN

200 GeV

Ave. luminosity L (10 hour store) ∼ 2 × 1026 cm−2s−1

Bunches per ring 60

Gold ions per bunch 109

Crossing points 6

Beam lifetime (store length) ∼ 10 hours

RHIC circumference 3833.845 m

RHIC®²��
�X��¢�êâ§Ù¥kUþ�
√
s

NN
= 22, 62.4, 130,

Ú200GeV�Au+Au-E¶Uþ�
√
s

NN
= 62.4Ú200GeV�p+p�-E¶Uþ�

√
s

NN
=

200GeV�d+Au�-E"L 2-3¥�Ñ
RHIC¢�Run-2(Uþ�200GeV�Au+Au-

E)�5Uëê"éuRHIC¢�Run-1(Uþ�130GeV�Au+Au-E)§STAR¢�|

¤P¹�o6²�L ∼ 2.8 µb−1§éuRun-2o6²�L ∼ 80 µb−1"

Bunches Ions/Bunch Lpeak Lave (store) Integrated

[cm−2s−1] [cm−2s−1] L [(µb)−1]

55 6 × 108 3.7 × 1026 3.7 × 1026 ∼ 80

LLL 2-3 32001c�Au+Au-E¢�(Run-2)¥RHIC¢��5Uëê"

3RHIC\�ìþk4�¢�|§©O´PHOBOS§BRAHMS(The Broad Range

Hadron Magnetic Spectrometer)§PHENIX(The Pioneering High Energy Nuclear Interac-

tion eXperiment)ÚSTAR(The Solenoidal Tracker at RHIC)¢�|§L 2-4¥�Ñ
éo

�&ÿì�{ü0�"�8c��RHIC\�ìþ�kPHENIXÚSTARü�¢�|E3

UY$1"

�Ø©¥§·�ò�ã`²�¢�©Û(J´A^STAR&ÿì2004cæ8

�Uþ�
√
s

NN
= 62.4 GeVÚUþ�

√
s

NN
= 200 GeV�Au+Au-E(Run-4)�êâ"

²LÐÚ�ÀJ§·�©Ok6.6 × 106(6.6M)�62.4GeV�Au+Au-E¯�Ú1.3 ×

107(13M)�200GeV�Au+Au-E¯�"
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LLL 2-4 Summary of RHIC experiments.

PHENIX event display STAR event display

ü�µ0f1Ì¤CX��¯Ý«�

�1.1 < |η| < 2.4§¿�� ���

´0 < φ < 2π"���kü:Ú»,f

XÚ(z�é�kπ/2lÝ)�¥%�1

Ì¤CX��¯Ý«��|η| < 0.35"

�����ÉÝÚ¯�A�m�&ÿì

�Ì�8�´éu�ûB�&Ò?1&

ÿ§Ú?1rf�O§>f�O"

����ÂÝ�Ú�+^|»,&ÿ

ì"âf�OCX
¤k�� �

��(|φ| < π)§Ú'����¯Ý�

�|η| < 2.0§2.5 < |η| < 4.0"fXÚ�

)
¥%�TPC§ü�c��TPC§

��7º:»,&ÿìÚ��×G�>

^þUì"&ÿì�Ì�8�´£ã�

N�¯�§���âf��O§ÞáÚ

z�¯��ØÓ*ÿþ"

PHOBOS event display BRAHMS detector

^��õ�&ÿì3��áN���S

&ÿ�>âf"ü���ÂÝ&ÿì�

ü:�±&ÿ3¥%¯Ý«����O

âf"&ÿì��O8�3u3'��

�ηÚpT��Séâf?1ÿþ"

&ÿì�O�8I´^ü����áN

�1Ì¤&ÿì3'���¯ÝÚîÄ

þpT��S(0 < y < 4; 0.2 < pT < 3.0

GeV/c)§��'�Ð�âf©E"Ó

��3c��Sÿþâf��)"
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2.2 STAR¢�C�

ããã 2-2 STAR &ÿìXÚ

STAR&ÿì [95] (ã 2-2)´��� �é¡äk���ÂÝ�Ú�+&ÿì"&ÿì

��O´�
U
Ó�&ÿ�þ��*ÿâf"&ÿì�)
A�fXÚÚ���.�

�mÝK¿(TPC)§��3��0.5Ad.�Ú�+©Û^|¥"

3ã 2-3¥Ð«
3Run-2�ÿ�STAR&ÿìXÚ¿¡ã"fXÚ�)ü�RHICI

O�"�ÝþUì(ZDC)^5&ÿ¥f¶��¥%>uâf×/&ÿì(CTB)^5&ÿ¯

��õê¶���G¤��Ô�Å&ÿìÚ�m�1Ì¤&ÿì(TOF)^5©EpîÄ

þ�âf¶CX
�N10%�×G>^þUì(BEMC)^5&ÿ1fÚ>f¶¯��î�

Uþ&ÿìÚo�»,&ÿì"ù
»,&ÿì�)��Ì���mÝK¿(TPC)§ü�

cà�mÝK¿(FTPC)Ú��7»,º:&ÿì(SVT)"

�mÝK¿(TPC)´STAR�Ì��&ÿì [96]§éz�¯�U
&ÿ��»,�±

��∼ 4 × 103�"3Au+Au¥%-E¥§TPC�±&ÿ��¯Ý��´|η| < 1.8§U


&ÿ�âf�îÄþ����´0.07 < pT < 30 GeV/c"d�¯ÝηÚÄþpTû½�Äþ
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ããã 2-3 STAR&ÿì¿¡ã¶�)��ÛÜSC�>^þUì(EMC)§��S���G¤��Ô�Å&

ÿì(RICH)§Ú���m�1Ì¤(TOF)

©EÇδp/péuéõâf�»,�±��δp/p∼ 0.02"STAR&ÿìCX
�Ü�� �

��(−π < φ < π)§U
éÐ�/&ÿ@
fPC�º:§ï���Úÿþâf�ý

�6v2§±9Ù¦�éz�¯�?1£ã��*ÿþ"

ããã 2-4 2001cSTAR���Oâf�îÄþpT&ÿ��

ã 2-4Ð«
STAR&ÿì3Run-2¥�âf�OUå"&ÿì�âf�OUåò�X

131�
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&ÿì�,?§�þêâ�¼�§Ú�
p?>uÅ��Ú\?�ÚJp"~X§

·��±ÏLK0
SÚΛ(Λ)3TPC¥�PCÿÀ§3���îÄþpT��S(0.3 < pT < 7.0

GeV/c)ÏLO�ØC�þÌ��{�§�"�PCâf�ÄþC�é�§±�u

3TPC¥�3ÿþ(J�§K0
SÚΛ9Ù¦�äkÿÀPC���Oâf(i.e. Ξ(Ξ)§

ÚΩ(Ω))�ÄåÆÿþ��ò��4�"�XÄþ�ÂÝC�§ØC�þ�O�ò�5�

Ø°(§l(J5w§ØC�þ¸�°ÝòC°",	§$îÄþpTâf�Ø�O�p

îÄþpTâf��¹m©3pîÄþpT&Ò¥Ó`³"duÉ�&ÿìEâ���§3

>^þUì(EMC)¥éπ0âf��O�oÑ/��1.5 < pT < 20 GeV/c�îÄþ��"

�X&ÿì�,?Ú¼�êâþ�O\§STARkdåÿþ�0fÚf(AO´D0

f)§ì���)(J/ψ)Ú��1f��)"

2.2.1 >u&ÿì(The STAR Trigger Detectors)

�STAR�TPC&ÿì�ÖÑªÇ�∼ 100â[�§RHIC¥å6�ªÇ�∼ 10îâ

["��p�^�ªÇ�Cå6�ªÇ�§STAR>u&ÿì7LU
���Ê�þ?

�¯�"¿�I�³��µ§~Xå6ÚíN��p�^(ýÏ�ªÇ�∼ 100â[)§

±BÀJ�?�Ú�C·�Ôn8I�¯�§Ú�e��&ÿìD4>u&Ò"Ï

d§STAR&ÿì�?�Ú�¤õ�N�ûu&ÿìéu>u¯��&ÿUå"

�X&ÿì�,?§STAR&ÿìXÚ®²k
o�¯��A�&ÿì^5��>u

&ÿìµ¥%>u×G&ÿì(CTB)§"Ý9þO&ÿì(ZDC)§õjOêì(MWC)§

Ú×G>^þUì(EMC)",	§å6Oêì(BBC)§c�π0&ÿì(FPD)§Ú.à>^

þUì(EEMC)�ò��>u&ÿì [97]"

CTB&ÿìÿþ�>âf�õê"k240�ðcN^§z�^�±CXφ�

�þ�π/30���§3η��þ�0.5"��CTB&ÿì3�»�o���SCX


−1.0 < η < 1.0§−π < φ < π���"&ÿìõêÿþ��ÂÝ3õê�u1000�

132�
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��´∼ 3%"

z�RHIC¢�Ñkü�ZDC&ÿì5i�å6��p�^"ZDC&ÿì&ÿ�gd

¥f5gu-E�Aulf(vkë\�A�¥f)"STAR�ZDC&ÿì uå¶Âþ�

-E«�±18.25�?§é���Ý��θ < 0.002lÝ"z��ZDC&ÿìdn��¬|

¤§z��¬d�ëG�¾7á�ÚÅ�£Ä1n��¤"ù�1nDx�Ô�ÅË�

1���õ¤�w�+"Ó�§½��ZDC&ÿì&Ò�^5½ �p�^º:�p

� �"

32000cÚ2001cAu+Au-E¥§CTBÚZDC&ÿì�^5>u0-80%�§±>�Ú

¥%�Au+Au-E"ã 2-5Þ~`²3ZDCÚCTB²¡S�>uÀJ�Y"

ããã 2-5 STAR>uã)§¥%-E(�ã)Ú0-80%(mã)"¥%¯�k'�$�ZDCOêÚ'�p

�CTBOê"

2.2.2 �mÝK¿(Time Projection Chamber)

STAR�TPC¤6¿(ã 2-6)�7å6-E«�§SÜ�Ú	Ü��»©O�50f�

Ú100f�§l¥%���ü>.��¤6�Ý�209.3f�§¥%���±328kV�p

Ø"183�>{ì|¤�>{G�Ú�> ��÷XSÜÚ	Ü�¤£×üÙ§l¥%�

�©O�ü>.�/¤��∼ 135V/cm�þ!¤£>|§3ü>.�?§�47ájÚ

�=��©Ù312�÷«þ"
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ããã 2-6 STAR&ÿìSÜÚ	Ü«���¡ã§¥m��§ÚSÜ	Ü÷«"

ã 2-7´3	Üg÷«ÖÑ>fÆ��¡ã"n�7áj²¡¥�1��>²¡�^

����f§�47áj�½ 3¶-7á²¡ÚÒ4��m"���f7áj��½

3lf�±gdÏL�m��E>Øe§����f'4�§>|�ª�3���f7

ájþ§>fÚlfÑØUÏL"�TPCvk3ÖÑG��§���f´'4�§¿�

��lf¤££�TPC¤£×S§l{�¦�Z6þ!�¤£>|"

1��7áj²¡�oTPClr>|��47áj�¤6��"�>f¤£ÏL�

f�Ú�o²¡�§§�\�¤��4j§¿��)>Ö?é��"d��pUþâf

3TPC¥�)�>flfé�x-y� ��I§�^u&ÿ>Ö?é���Ò4�¤û

½"Ó�§�m×Ú¤£�Ýû½
z� ��I"TPCk136608�²¡�Ú512��m

×§ù¦TPCk�L7 × 107�n���"o�§·��±A^5gn��C���&Ò

5(½ìq�%§Ïd3��î��þ�©EÇ²w/�u��º�"»,�éu��

134�



ÆÆÆ¬¬¬ÆÆÆ   ØØØ©©© 35

ããã 2-7 TPC	Üg÷«¡��¡ã

� �Ú��û½
TPCéÙ©EÇ30.5–1.0Î��m"

52.00 mm

600.00 mm from DETECTOR CENTER

1271.95 mm from DETECTOR CENTER
20 mm RADIAL SPACING

48.00 mm RADIAL SPACING

6.70 mm CROSS SPACING

3.35 mm CROSS SPACING

87 x 3.35 = 291.45 mm

1
8
3
 x

 3
.3

5
 =

 6
1
3
.0

5
 m

m

9
7

 x
 6

.7
 =

 6
4
9
.9

0
 m

m

1
4
3
 x

 6
.7

 =
 9

5
8
.1

0
 m

m

(7 x 48) + (5 x 52) = 596.00 mm

31 x 20 = 620.00 mm

Inner Pads
2.85 mm x 11.5 mm
Total of 1,750 Pads
Row 1 thru 8 on 48 mm Centers
Row 8 thru 13 on 52 mm Centers
Cross Spacing 3.35 mm

Outer Pads
6.2 mm x 19.5 mm
Total of 3,942 Pads
 
6.7 x 20 mm Centers

ããã 2-8 TPC ÖÑ²�÷«�«¿ã

ã 2-8 �Ñ
��TPCÖÑ²�÷«"SÜg÷«´�?n»,�Ý�p�-Eº:

NC�&Ò�O�"L 2-5�Ñ
SÜÚ	Üg÷«�º�"Ï�càÚ"à�>fÆ

�º�K�§SÜ²��CX��ØU´ëY�"
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LLL 2-5 SÜÚ	Ü÷«�AÛëê

SÜ÷« 	Ü÷«

²�º�(mm) 2.85 × 11.50 6.20 × 19.50

�mål(mm) 0.5 0.5

��1ê 13 32

��êþ 1750 3942

�4���ål(mm) 2.0 4.0

�4pØ(V) 1170 1390

�4OÃ 3770 1230

Ø�>âf�»,±	§TPCU
|^ØÓ�þâf3TPCíN¥�Uþ��5�

Où
âf"�pUþ��>âfBLTPCíN��ÿ§¬kUþ��§²þ�Uþ�

��ûuâf��Ý§Ø´§��ÄþP"âf�²þ>lU��±^Bethe-Blochú

ª5L« [98]§

<
dE

dx
>= 2πN0r

2
emec

2ρ
Zz2

Aβ2
[ln

2meγ
2v2EM

I2
− 2β2] (2-1)

Ù¥z�âf�>Ö£±e�ü ¤§β=v/c�âf��Ý, ρ�0��Ý§N0�CÏ

\�Û~ê§me�>f�þ§re = e2/me�²;>^�»§c�1�§Z�íN��fS

ê§A�íN��fþ§γ = 1/
√

1 − β2§I�²þ�-uU"EM = 2mec
2β2/(1 − β2)´

üg-E���=£Uþ"3���½�ÄþP < 0.8 GeV/c���S§π§k§Úp�

3ØÓUþ��§Ïd§éUþ�È�ÿþ�±^5é�½Äþ��S�âf?1�

O"ã 2-9�Ñ
3STAR�TPC&ÿìÿþ��ØÓâf�Uþ��(dE/dx)§ØÓ�

�féAXØÓ�âf"�äk�Ó�Äþ�§ØÓâf�Uþ��´ØÓ�"é

uAu+Au-E§Uþ��(dE/dx)�ÿþ�±¦πÚk©E��∼0.7GeV/c§pÚπ!k©E

�±��∼1.1GeV/c"A^ÿþ���>rf�±ï�
���âf§XK0
s , Λ(Λ)�

±ÿþ�0.3 < pT < 7.0GeV/c, φ�±ÿþ�0.4 < pT < 4.0GeV/c"
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ããã 2-9 �>âfBLTPCíN�Uþ��

2.2.3 TPC&ÿì�íNXÚ

TPC�íNXÚ [99]|±XTPC&ÿì�ó�"TPC¥�íNdü«íN·Ü¤§

�&ÿì3$1�§·ÜíN�P10 (Ar 90% + CH4 10%)§Ø$1�§^·ÜíNC2H6

50% + He 50%5�'&ÿì"TPC�·ÜíN7L÷võ�¡�S�5§§´�>âf

»,-u>lÚ>flfé¤£ÏL�0�§¤±íN�S�5Úp�ÇÑ�éc[/

ïÄ"

LLL 2-6 TPC·ÜíNP10�£ã�L

Drift Characteristics

Drift Velocity (Maximum) 5.45 cm/µs at 130 V/cm

Longitudinal Diffusion 320 µm/sqrt(cm) 0.5 Tesla Field

Transverse Diffusion 185 µm/sqrt(cm) 0.5 Tesla Field

Ionization Characteristics

Charge Created 227 electrons from a 5.9 keV X-ray (Fe55)

Gain (N/N0) Characteristics

Inner Sector Gain ≈ 3770 for Vanode = 1170 V

Outer Sector Gain ≈ 1230 for Vanode = 1390 V
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>f3·ÜíNP10¥�¤£�Ý�é�¯§¿�3�é$�>|(130 V/cm)p¡�

��Ú¸�"3�Ú��Sé¤£>|����±¦¤£�Ý½§����åÏ"·

ÜíNP10��
�ëê�3L 2-6¥"

>f¤£�ÝÚíN��éuíN�ØåÚXÀÝÑ´é¯a�"TPCíN�Øå

�X�íØ�UCCz§¤±éuØåÚXÀÝ�i�Ó�?1é�"dTPC¥�

½ ��-1���lfz�^5ÿþ¤£�Ý§íN��KÏL��OÃ¿ÚTPC¥

âf»,�Uþ��5i�"L 2-7�Ñ
TPCíNXÚ�A�ëê&E"

LLL 2-7 TPCíNXÚ�ëê

System Characteristics

TPC Volume 50000 liters

Internal TPC Pressure 2.0 ± 0.03 mbar

Recirculation Flow 36000 liters/hour

Oxygen Content < 25 ppm

Water Content < 20 ppm

2.2.4 �m�1Ì¤(Time of Flight(TOF))

32003c§STARm©¦^dõíY>{�¿(MRPC) [100]|¤��m�1Ì

¤(TOF)&ÿì"�dm©§�m�1Ì¤�SC¦^3STAR&ÿì�,?Oy¥m©

¢�"

��m�1Ì¤&ÿìSC�.�§STAR&ÿìòk120|TOF&ÿì

�MRPC|§3TPC�À>ÚÜ>�k60|"z�|k33�õíY>{�¿(MRPC)§

z�MRPCk6�&ÒÖÑ�"z|¥z�MRPCòkØÓ���§¦§�U
���

Ý�ÝK�Z = 0��Ðº:"3STAR�Run II�§�m�1Ì¤�k�|MRPC�

SC3STAR&ÿì¥§�CX
−1 < η < 0��¯Ý��§π/60�� ���§§

�)
41�^1>�O+(PMTs)��ÖÑ�ðcN^§3Au+Au-E¥§§�©EÇ

´8̃5�¦"3?�Ú�&ÿì,?¥§STARòU?ù��O"3STAR�Run IIIÚRun

138�
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ããã 2-10 MRPC�«¿ã"

IV¥§�¦^
��#�TOF&ÿì�MRPC|§Ó��CX
−1 < η < 0��¯Ý

��Úπ/60�� ���"3Run III¥§��MRPC|k28�MRPC�¬§Ù¥12�C

�
>fÆÖÑXÚ§�A�CX
TPC∼0.3%��ÂÝ [101]"3Run IV¥§��#

�TOF&ÿì�MRPC|§d24�MRPC�¬|¤§¿��SC3ÚRun IIIÓ�� 

�§�´Ù¥�k12��¬C�
>fÆÖÑXÚ"ù�Run IVÚRun III¥§TOF&ÿ

ìäk�Ó��ÂÝ"

p (GeV/c)    
0 0.5 1 1.5 2 2.5 3 3.5

   
   

β
1/

0.6

0.8

1

1.2

1.4
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2

)
2
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-0.5 0 0.5 1 1.5

C
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u
n
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200

300

400
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<1.4 GeV/cT1.2<p

pK

π

ããã 2-11 3200GeVd+Au-E¥TOFÿþ��>âf�1/βéÄþp�©Ù
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�m�1Ì¤�SC¦^§ò��Jp��Oâf©E�Äþ��§ã 2-11�Ñ


Uþ�200GeV�d+Au-E¥TOFÿþ��>âf1/β éÄþp�©Ù,�±w�|^


TOF±�§πÚK�m©E�∼1.6GeV/c, pÚπ§k�©E�∼3.0GeV/c"�1�mÌ¤

£TOF¤éUõSTAR&ÿì�âf©Ek4���Ï"32007c�$1¥§STARSC

¦^
5|TOF&ÿì�MRPC|§�2009còC�¤k�TOF&ÿì"

STAR�TOF&ÿì¥Ì�Ü©MRPCd¥IÜ�|KIï�)�§Ì�d¥I�Æ

Eâ�Æ(USTC)Ú�u�Æ�¤"
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1nÙ STAR¢�©Û�{

3STAR&ÿì¥ïK0
S!Λ½Λ±9ÿþù
âf�îÄþpTÚ¯Ýy©Ù��{

[102, 103]´é¤Ù�(½�"�y3��§éu��Oâf�pT©Ù!ý�6v2Úâf

� �'éÿþ�°(5§é�§Ýþ�6uâf�O�°(§Ý§ù«�O´ÏLÿ

þ�>âf3TPCíN [183]¥�Uþ��dE/dx5¢y�"STAR®²kÜ·�ÚO�{

5ÿþý�6v2§Ó��kÜ·��{5ÿþâf�pT©ÙÌ§ù¦·�?�ÚïÄ�

�Oâf�� �'é¤��1"

3ùÙp§·�ò�é�Ø©¥©Û�êâ?Ø�A¯�Úâf»,�ÀJI

O§K0
S!ΛÚΛ��ÿþ"Ó�·�ò?ØéuK0

S!ΛÚΛ��ÀJ^��^=�µ

ïÄ�{"

3.1 ¢�¯�Úâf;,ÀJ

LLL 3-1 RunIV¥Au+Au3
√

s
NN

= 62.4 GeVÚ
√

s
NN

= 200 GeV¥>utriggerÚ¯�ÀJ"

Data set Trigger Setup Run No. Vertex Cut Trigger ID Events No.

Run-IV (
√

s
NN

= 62.4 GeV) Minimum-bias > 5086037 |Vz| < 30 35007 6.6M

Run-IV (
√

s
NN

= 200 GeV) Minimum-bias > 5023099 |Vz| < 30 15007 13.4M

·�éRHIC-STAR32004cRunIV¥$1æ8�Uþ�
√
s

NN
= 62.4 Gev Ú

√
s

NN
=

200 GeV�Au+Au-Eêâ?1
©Û"L 3-1¥�Ñ
·�¦^�RunIVêâ�¯�
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ÀJÚTriggerÀJ§±9²LÀJ^�������¯�êþ§3êâ©ÛL§¥§

·�ò�ï@
ØUO(ÿþ�Ð?º:�¯�"3RunI(2001c)¥§STAR�ï
º

:z(VertexZ)©þ�uålTPC¥%75cm±	�¯�"3RunII(2002c)¥§du\�ì

�U?§�±ÀJº:z(VertexZ)©þ3ålTPC¥%25cm�S�¯�"3·�©Û

�RunIVêâ¥(2004c)§é62.4GevÚ200GeVùü�-EUþ�êâ©Û¥§ÑÀJ


º:z©þ3ålTPC¥%30cm�S�¯�"²LÀJ��,k�õ¯���ï§�´

3RunIV¥�¯�êE�'3RunII¥��õ"·��©Û¥§·��æ^
TPC&ÿì

æ8��Ðº:3¥%NCÚ-E¥%Ý�0-80%�¯�êâ?1©Û"

STARkü«ï�âf»,§�«´�N»,(Global Track)§,�«´Ð©»

,(Primary Track)"ÏLéz��TPC&ÿ��:�Ú^[Ü§�±��Global»,"

d¤kï�Global»,�±��-E�º:"Primary»,�ïÄ�þ�Global»,

aq§Ó�ÏLéTPC:�Ú^[Ü��§�´[Ü�7LÏL-Eº:§½3Ù

NC��é����S"dTPCéuõê�ÿþ�±^5½ÂSTAR¢��-E¥%

Ý§ù�½ÂØ´dCTB&ÿì���"3RunIV¥§TPC�õê´d��15�½�

õ�TPC&ÿ:[ÜÑ5�3�¯Ý��|η| < 0.5S�primary»,�oê5½Â�§

¿�ù
»,��Ðº:��áål(a distance of closest approach (DCA))��u3cm"

3RunII¥§·�¦^�±��[Üþ10�TPC&ÿ:�Primary»,5½Âõê"

3RunI¥§·�¦^�¯Ý��|η| < 0.75S�Primary»,5½Âõê"

3L 3-2¥�Ñ

√
s

NN
= 62.4 GeVÚ

√
s

NN
= 200 GeV�Au+Au-E¥%Ý½Â��

?�õê���§�â�?��ë�õê�©Ùòù
¢�¯�©�ØÓ�-E¥

%Ý"

ã 3-1�Ñ
3Uþ�
√
s

NN
= 62.4 GeVÚ

√
s

NN
= 200 GeV�Au+Au-E¢�

¥TPC¥�>âfõê©Ù§3·��©Û¥§�ï
¥%Ý�u80%�¯�"

3
√
s

NN
= 62.4�êâ¥§·�ò¯�©�7�¥%Ý(0-5%§5-10%§10-20%§20-
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LLL 3-2 3
√

s
NN

= 62.4 GeVÚ
√

s
NN

= 200 GeV�Au+Au-E¥%Ý½Â��?�ë�õê��"

Centrality Uncorrected Ref. Mult. Range
√

s
NN

= 62.4 GeV
√

s
NN

= 200 GeV

0-5 % RefMult ≥ 373 RefMult ≥ 520

5-10 % 373 > RefMult ≥ 313 520 > RefMult ≥ 441

10-20% 313 > RefMult ≥ 222 441 > RefMult ≥ 319

20-30% 222 > RefMult ≥ 154 319 > RefMult ≥ 222

30-40% 154 > RefMult ≥ 102 222 > RefMult ≥ 150

40-50% 102 > RefMult ≥ 65 150 > RefMult ≥ 96

50-60% 65 > RefMult ≥ 38 96 > RefMult ≥ 57

60-70% 38 > RefMult ≥ 20 57 > RefMult ≥ 31

70-80% 20 > RefMult ≥ 9 31 > RefMult ≥ 14

40%§40-60%§60-80%)"3
√
s

NN
= 200�êâ¥§·�ò¯�©�3�¥%Ý(0-

10%§10-40%§40-80%)§ù�·��±3�A�¥%Ý���õ�ÚOþ"

chN0 100 200 300 400 500

ch
d

N
/d

N

310

410

510

0-5%10-20%40-60%

Au+Au 62.4GeV

chN
0 100 200 300 400 500 600 700 800

ch
d

N
/d

N

1

10

210

310

410

510

610

0-10%10-40%40-80%

Au+Au 200GeV

ããã 3-1 Uþ�
√

s
NN

= 62.4 GeVÚ
√

s
NN

= 200 GeV�Au+Au-E¢�¥TPC¥�>âfõê©

ÙNch´Ð©»,3|η| < 1��¯Ý��S�ë�õê"

LLL 3-3 3Uþ�
√

s
NN

= 62.4 GeVÚ
√

s
NN

= 200 GeV�Au+Au-E¥§»,�ÀJ^�

Track set Primary Track Global Track

DCA to primary vertex (cm) < 3 na

Number of hits > 15 > 15

Number of hits/possible hits > 0.52 na

|η| < 1.0 na

L 3-3¥�Ñ
3
√
s

NN
= 62.4 GeVÚ

√
s

NN
= 200 GeV�¢�êâ©Û¥ÀJ»,�

^�"3ïK0
S!ΛÚΛ�§·�¦^»,�Uþ��dE/dx5�Oâf�«a§±9â
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f�PCÿÀÀJ^�§ùò3±e�!¥äN0�"

3.2 PCº:ÿÀÿþ

K0
S§Λ(Λ)§Ξ§Ω��kÛÉ5�âfäk�é���Æ·§§�¬3�)��1�

ãål2PC§ùã�1ålÏ~��f��þ?§�±3�»�2��TPC&ÿìp¡

O(/ÿþÑùã�1ål"¤±A^�1ål�AÛÿÀ�ÀJ^�§·��±'�

O(�(½âfPC��Ô�»,§l5�ù�âf§¿����p�&D'Ú�

��XÚØ�"ù�·�ÿþ��Æ·�ÛÉâfÚéuÛÉ§��n)Jø
���

Ð��{å»"e¡·�òäN0�ù«AÛÿÀ�âf��{ÚÀJ^��(½"

3.2.1 PCº:ÿÀÿþ�{

·�A^K0
S!ΛÚΛ�PC�5�§�µK0

S → π+π−§Λ → pπ−ÚΛ → pπ+"�g

PC��©{'(Branch Ratio)©O´68.95%(K0
S)Ú63.9%(Λ§Λ)"L 3-4´éùü�PC

��o( [98]"

LLL 3-4 ¢�ÿþ¥^�K0
S!ΛÚΛfPC�PC�9Ù©{'ÚPCål

Particle Type Decay Channel Branching Ratio (%) cτ (cm)

K0
S π+ + π− 69.95% 2.68

Λ p + π− 63.9% 7.89

Λ p + π+ 63.9% 7.89

éuK0
S!ΛÚΛ��OÄuÚO©Ù�ØC�þÌ"ÏL3TPC¥�Uþ���±

�O�>âfpÚπ�»,§ÏL3TPC¥�Ú^»,�±½ÂpÚπ�oÄþ"3Ó�

�¯�¥O�¤k��U|Ü3�å�ü�PC�)âf�Global»,�m��áå

l(DCA)§À^ÎÜDCA^��âfé5�K0
S!ΛÚΛâf"A^ü�PCâf3^u

O�DCA�@:þ]��oÄþ§·��±O�âf�ØC�þÚ$ÄÆ5�"ÏL±
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Primary Vertex

Secondary Vertex (b)

Secondary Vertex (a)

Daughter-
daughter DCA

Decay length

Daughter-primary
Vertex DCA

Parent path

Parent-primary
Vertex DCA

ããã 3-2 ¥5âf3TPC¥PCÿÀ�úã"�¹a§´dâfPC�)��>âf»,�X*d����

¶�¹b§´�>âf�»,��l*d����"
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e�{�±O��âf�ØC�þ:

m =

√

(
√

m2
p + P 2

p +
√

m2
n + P 2

n)2 − P 2 (3-1)

Ù¥§mp´PC�)��âf��þ(éuK0
S�π

+§Λ(Λ)K�p)¶mn´PC�)�Kâ

f��þ(éuK0
S�π

−§Λ(Λ)K�π−)"PpÚPn´3âf»,þO�DCA@:þ��K

âf�Äþ¶P´�Kâf�oÄþ"

LLL 3-5 V 0âf�ÀJ^�äN½Â`²

V0 Cuts Cuts Description

Daughter–daughter DCA Distance of Closest Approach between Positive and Negative Track

Daughter–Vprim DCA Daughter Track Distance of Closest Approach to Primary Vertex

V 0–Vprim DCA Particle track Distance of Closest Approach to Primary Vertex

Decay Length cτ Particle travel distance from produced to decay

A^�?�Ú�AÛÀJIO(i.e. cuts)5ÀJü�PCâf�»,(ü^*d�

'é�¿��Ðº:k'é�)�±O\�âf�O(5"�ÀJ�âf»,|Ü

´�ý��âfPC�'é�, ù«ÏLAÛÿÀ5ÀJ�âf��{¡�V 0�

{§V 0�·¶5gu�>Ö�/00�¥5�âf�/V0i/G�PCÿÀ"

3PDGÃþ [98]¥K0
S§ΛÚΛ�PC�Ýcτ©O�2.68cmÚ7.89cm§¤±ù
âfò3�

»2��TPC&ÿì¥PC§§�3^|¥PC�§kü«�U��¹§Ù�´ü�PC

âf*d���1¶,��¹´ü�âf*d�l�1"ã 3-2`²
��¥5âfPC

º:(V 0)�AÛ'X§^5ÀJK0
S§ΛÚΛâfPC�AÛCþ3ã¥®²�Ñ§Ó�L

3-5��Ñ
ù
AÛÿÀ�äN½Â"

3.2.2 PCº:ÿÀÀJ^�©Û

3êâ©Û¥§·�Äkéz��ÀJ^�?1
ïÄ'�"Ï�K0
S§Λ(Λ)âf�

AÛÿÀÀJ^��âf�îÄþpT�'§3ØÓ�îÄþpT��S§z�ÀJ^��

òk�½�Cz"¤±�âîÄþ�Cz§·�réâf�AÛÿÀÀJ^��©Û©

¤�½���§,�3z�îÄþ��SéÀJ^�Å�?1
©Û"
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)2Invariant Mass (GeV/c
1.07 1.08 1.09 1.1 1.11 1.12 1.13 1.14 1.15 1.16
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o
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n

ts

60
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310×

 CandidatesΛ+Λ

Rotated Background

ããã 3-3 Λ+Λ�ØC�þÌ©Ù"¢%:´��Λ+Λ§�%:´^^=�E��µ"

±îÄþpT > 3.6�Λ+Λ�~5`²ù�©Û�{"Äk·�k*	Λ+Λ�ØC�þ

Ì©ÙÚ|Ü��µ©Ù"3ã 3-3¥§·�éu��Λ+ΛÚ^=�µ^
é°t�À

J^�"Xã 3-4¤«§^=�E��µ´ÏLòÙ¥PC�)���>Öâf»,3î

ä¡þ^=180Ý�§2��K>�âf�Λ(Λ)�PCº: [62, 114]"ù«�{»�


3&ÿì�ÂÝ��S�¤ký���º:"^=��b»,��K>Ö�âf´v

k'é�§u´�EÑ5�ØC�þ©Ù´vk&Ò¸�(ã 3-3¥�%:)§Ïd�±�

�/£ãý��âf��µ"3ã 3-3§¥duÀJ^�é°t§·��±w'���

�µ"ù«�{�E��µØU��[Üý���âf��µ§�ù«^=�E�

�µk�U�5�½�Ø(½5"Äuù��Ï§·�@�ù«^=�E��µ'�Ü

·^5©ÛâfÀJ^�¶�´Ø·u^u�Ø¢�©Û¥�ý¢�µ"

Ó�§éAuz��ÿÀÀJ^�§·�òO�ý¢êâÚ^=�E�µ�ØC�þ

Ì§òü«ÀJ^�8�z�§�±��z�ÀJ^��Significance"Significance�½

ÂXeµ

Significance =
Signal√

Signal +Background
(3-2)
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ããã 3-4 ^=��PC�)âf�»,5��µ§^u©Ûâf�ÀJ^�"

3significance�����S§`²&Ò�é�r§Ïd·��±rÀJ^�(½3�A�

��"

3ã 3-5§ã 3-6Úã 3-7§ã 3-8¥§©O�Ñ
éuK0
SÚΛ(Λ)��ÀJ^��ï

Ä"��¡�´lý¢¯�Ú�E�µ¥���éAuz�ÀJ^��©Ù§ù��ý

¢¯�§7���E¯�¥�©Ù"¥m�ã´lý¢¯�©Ù(ù�)¥�Ø�E�µ©

Ù(7�)���'�XÀ�ÀJ^��©Ù§�m>�ã´Significance"·��±w�é

uz��ØÓÀJ^�§Ñ3��A½�^���SÙSignificance��§ù���Ò´

·�òA^3ý¢�¥�AÀJ^����"

LLL 3-6 3Uþ�
√

s
NN

= 62.4 GeVÚ
√

s
NN

= 200 GeV�Au+Au-E¥§ÿþK0
Sâf�RCP¤A^�À

J^�"ü ´f�"3ÿþ¥·�A^�¯Ý��´|Y | < 1.0m§º:z©þ��´|Vz| < 30.0cm"

V0 Cuts Cuts Range

Au+Au Collision energy 62.4 GeV 200 GeV

Candidate pT (GeV/c) [0,0.8] [0.8,3.6] [3.6,5.6] [5.6,10]

Daughter–daughter DCA < 0.70 < 0.70 < 0.75 < 0.50 < 0.50

Daughter–Vprim DCA > 0.70 > 1.50 > 1.00 > 0.50 > 0.50

V 0–Vprim DCA < 0.60 < 0.70 < 0.75 < 0.50 < 0.50

Decay Length cτ > 2.00 [3.0,150] [3.0,150] [10.0,120] [10.0,120]
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LLL 3-7 3Uþ�
√

s
NN

= 200 GeV�Au+Au-E¥§ÿþΛ(Λ)�RCPÚ� �'é¤A^�ÀJ^�"

ü ´f�"3ÿþ¥·�A^�¯Ý��´|Y | < 1.0m§º:z©þ��´|Vz| < 30.0cm"

Candidate pT (GeV/c) [0,0.8] [0.8,3.6] [3.6,5.6] [5.6,10]

Daughter–daughter DCA < 0.70 < 0.75 < 0.40 < 0.40

Daughter p–Vprim DCA > 1.00 > 0.75 [0,5.0] [0,5.0]

Daughter π–Vprim DCA > 2.50 > 2.00 [0.5,10] [0.8,8]

V 0–Vprim DCA < 0.70 < 0.75 < 0.40 < 0.40

Decay Length cτ [3.5,150] [3.5,150] [10.0,125] [10.0,125]
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�Λ�1116 ± 4 MeV/c2"ù
��PDGÃþ�Ñ��þ [98]´���"ã 3-10�Ñ


ØC�þ¸ �îÄþpT�Cz'X"3pT < 1.5 GeV/c���§K0
S�þÌ�¸ �¬
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Ó�§·��ïÄ
K0
S�þ¸��p°(pd¼ê¥�σCþ)"ã 3-10�±�Ñ
�

p°�îÄþpT�Cz'X"du&ÿìé»,Äþ�©EÇ�XîÄþpT�O\C

�§¤±ØC�þ¸��p°�XîÄþ�O\C�§ù��A3pT > 3.0 GeV/c�«

�²w"

3.4 &ÿì�Ç?�

·�A^i\(Embedding)��{5?�&ÿì��ÂÝ§�A§»,�ÇÚ

º:��Ç�K�"¯�i\�{��nXã 3-11¤«§�{¥�)
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3GSTAR¥§¤k�K0
SÚΛ3�>âfPC�ªeÑ�r�PC"
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Carlo(MC))�º:?1'é§ù�L§�¡�/éÜ(Association)0"3ù�L§¥§X

J��æ�ê:��AkÛ�[�)�æ�ê:���ål30.5cm±S§§�ò�'
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é3�å"�����»,��k5�:Ú�^�AkÛ�[�»,þ�:�Ó�§ü

^»,ò�@�´�'é�"XJ5gÓ��ïº:�ü^»,�5gÓ���Ak
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S3Uþ�

√
s

NN
= 200 GeV�Au+Au-

E¥�&ÿ�Ç"

LLL 3-8 3Uþ�
√

s
NN

= 200 GeV�Au+Au-E¥§ÿþK0
SÚΛ(Λ)�� �'é�§31.0 < pT < 4.0

GeV��S�âf�&ÿ�Ç²þ�§�¯Ý��´|η| < 1.0§º:z©þ��´|Vz| < 30.0f�"

Centrality K0
S Λ(Λ)

0-80% 0.172 ± 0.00063 0.113 ± 0.00104

0-10% 0.157 ± 0.00087 0.104 ± 0.00153

10-40% 0.176 ± 0.00109 0.115 ± 0.00131

40-80% 0.190 ± 0.00197 0.120 ± 0.00287

{�Ó§du·�À��TriggerâfÚAssociatedâf�îÄþ����§¤±ù«{ü

�A^²þ����Ç?���{§¬�5âf����fCz"3?�Ú�ïÄÿþ

¥§·�®²U?
ÿþ�{5;�ù«�¹"L 3-8¥�Ñ
·�3� �'éÿþ¥

A^��Ç?�²þ�"
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1oÙ STARVâf(Di-Hadron)� �'éÿþ

�5´pUÔn¥��ék^�&�§��±A^pQCD5éÐ�O�"3lf

-E¥·��±ÏLé�5�ïÄ5
)d-E�)���Ô��5�"du�éØ

lf-Eäké���µ§·�vk�{3z��¯�¥ïù
�5"�
ïÄ�5

Ú�5�0�m��p�^§·��±ò� �'é��é�5?1ïÄ§Ù¥Vâf

� �'é´���ÀJ�'�n��ïÄ�{"Vâf� �'é��{{üQãX

eµ·�ÀJ��pîÄþpT½´¥mîÄþ�âf��>uâf(Trigger Particle)§,

�ïÄ3Ó�¯�¥Ù¦âf�Triggerâf�'é��©Ù§3�Ø©¥·�¡��V

âf� �'é"

3Uþ�
√
sNN = 200 GeV�Au+Au-E¢�êâ¥§·�ÿþ
Vâf� �

'é¼ê§¤À��âfÑ´3¥%�¯Ý«�η < 1.0��S�âf"±îÄþ�

�33.0 < pT < 6.0 GeV/c��>rf��>uâf§±îÄþ��31.0 < pT < 4.0

GeV/c���OâfK0
S!Λ§ÚΛ��'éâf"3|∆η| < 1.0��S§·�ÿþ


K0
S§ΛÚΛ̄���dN/d∆φ��∆φ�¼ê"A^�Ó�ÀJ^�§3·Ü¯�¥��


�'�ÿþ§^5?�d&ÿì�)�Ø(½5"�ÙòÌ�?Ø·�ÿþ���OÛ

Éâf(K0
S§Λ(Λ))Vâf� �'é¼ê§±9Äu� �'é¼êÿþ��f�0

f�'Ç"
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4.1 Vâf� �'é�ÿþ�{

·�ÀJ��Trigger�âfÙîÄþpT7L'�)âf�²þîÄþ�§ù
pî

Äþ�âf�NÌ�5guMÑ���5§Ïdù
�ÀJ�pîÄþpT�Triggerâ

f�`k@�´5gu�5¥"3Ó��¯�¥§�Triggerâf�'é�$îÄ

þpTâf�¡�'éâf(Associated Particle)"·�òïÄù
'éâf�� �©

Ù§^φasso��$îÄþ�'éâf�� �©Ù¶^φtrig��Triggerâf�� �

©Ù"J2(∆φ)^5£ã�Triggerâf�'�$îÄþ'éâf�'é� �©Ù§Ù

¥∆φ = φasso − φtrig"3Ó��¯�¥§z��Triggerâf�3�½�$îÄþpT��S

�¤kâfÑò�E��∆φ�©Ù"¤k3(½�pîÄþpT��S�TriggerâfÚ¤

k3��(½-E¥%Ý�¯�éA�∆φ©ÙÑ�\È3�å��� �'é¼ê§Ï

�·�'%Äuz���5�'éâf�©Ù§� �'é¼êò�Triggerâf�êþ

8�z§Ø´�¯�ê8�z"ù��ï�'éâf�� �©Ùò�)du&ÿì

ØU��CX2π���� ��)�ÞáÚdu��É56�)��µ"

éu�>rf���O�ÛÉâfm�Vâf� �'é§·�±(½�pîÄþ

��e��>rf��Triggerâf§±�½�îÄþ��S�K0
SÚΛ(Λ)âf©O��'

éâf"¤±3Ó��¯�¥§�ïâf� �'é�Ó�§·�ò^V 0�AÛÿÀ�

�{5�K0
SÚΛ(Λ)âf"��>rfØÓéuï���OâfK0

SÚΛ(Λ)�� �

'é©Ù¥òÚ\duâf��5��µ"Äk·�UìVâf'é��{�ï�>

rfÚÓ��¯�¥�K0
SÚΛ(Λ)âf��'é©Ù"3�ïL§¥§·�7LüØd

uK0
SÚΛ(Λ)PC�)��>rf�K0

SÚΛ(Λ)g��)�'é§·�¡��g'é§X

Jkg'é�3§Ò¬3∆φ = 0� �þ�)��ép�k�¸"

·�ò�ï��d∆φ§∆ηÚMassinv�¤�n�Ì"ã 4-1¥�Ñ
ù�n�Ì

3∆φ-∆ηÚ∆φ-Massinv��þ���ÝK"��n�Ì��§·�3�½�∆η���
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SÚΛ(Λ)�ØC�þ©Ù"éuz��©

Ù§·�òA^1nÙJ��og�\Vpd©Ù5[ÜØC�þ¸Ú�µ"ã 4-2Ú
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4.2 Vâf(Di-Hadron)� �'é�ý�6�µ?�

éu?�cý¢¯�¥�∆φ©ÙC(∆φ)·��±©)�üÜ°§�Ü©´�µ§ù

��µ�[1 + 2 < vtrig
2 vasso

2 > cos(2∆φ)]¤�' [109]§,�Ü©´·�ïÄ�Vâf� 

�'é�©ÙJ(∆φ)µ

C(∆φ) = b0[1 + 2 < vtrig
2 vasso

2 > cos(2∆φ)] + J(∆φ) (4-1)

Ù¥§�±Cq/@�< vtrig
2 vasso

2 >≈< vtrig
2 >< vasso

2 >§�´XJ�Äý�6�Þ

á§KI��?�Ú�?Ø [110]"vtrig
2 ´Triggerâf3TriggerîÄþ��S�²þý

�6�§vasso
2 ´'éâf3'éîÄþ��S�²þý�6�"ùü��·��±Ï

LSTARÿþ���ý�6îÄþ©Ù5O�"

�K´�µ�²þXêb0�±ÏL��b½�Vâf'é�©Ù5(½"Ï�·�F

"ÿþVâf'é�� �©Ù§�^�«ØI�ù«b��Eâ5(½ù��"l�
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LLL 4-1 3Uþ�
√

s
NN

= 200 GeV�Au+Au-E¥§3îÄþ��3.0 < pT < 6.0 GeVS§�>r

f(Charged Hadron)ý�6v2�²þ�"

Centrality Charged Hadron v2

v2{EP} v2{4} v2{Ave}
0-10% 0.101 ± 0.00092 0.081 ± 0.00074 0.091 ± 0.00083

10-40% 0.197 ± 0.00058 0.151 ± 0.0018 0.174 ± 0.00092

40-80% 0.295 ± 0.00175 0.236 ± 0.0014 0.265 ± 0.00157

LLL 4-2 3Uþ�
√

s
NN

= 200 GeV�Au+Au-E¥§3îÄþ��1.0 < pT < 4.0 GeVS§K0
Sý�

6v2�²þ�"

Centrality K0
S

v2{EP} v2{LY Z} v2{Ave}
0-10% 0.055 ± 0.00058 0.044 ± 0.00046 0.049 ± 0.00052

10-40% 0.117 ± 0.00031 0.104 ± 0.00092 0.111 ± 0.00048

40-80% 0.153 ± 0.00068 0.122 ± 0.00055 0.138 ± 0.00061

òØ���O�²þ��� [98]"úªXeµ

x =

∑

ωixi
∑

ωi
δx̄ =

√

∑

ωiωi =
1

(δxi)2
(4-2)

Ù¥§xiÚδxi�I��¦²þ��1i��9ÙØ�"x̄�²þ�§δx̄�²þ��Ø�"

3Vâf� �'é�©Û¥§·�¦^v2{EP}Úv2{4}§v2{LY Z}�²þ����

Eý�6�µ�¢�ÿþ�"A^v2{EP}·��±��²L�µ?��âf'é� 

�∆φ©Ù�e�¶A^v2{4}Úv2{LY Z}�±���âf'é� �∆φ©Ù�þ�§ù

Ò�·�Jø
duý�6�5�XÚØ�"XÚØ��,	�Ü©5guA^ZYAM�

8�� �"3ã 4-5¥§7�ÚÉ�L«
duù�Ï��5�XÚØ�"

LLL 4-3 3Uþ�
√

s
NN

= 200 GeV�Au+Au-E¥§3îÄþ��1.0 < pT < 4.0 GeVS§Λ + Λý�

6v2�²þ�"

Centrality Λ(Λ)

v2{EP} v2{LY Z} v2{Ave}
0-10% 0.057 ± 0.00061 0.046 ± 0.00049 0.052 ± 0.00055

10-40% 0.117 ± 0.00031 0.106 ± 0.00110 0.116 ± 0.00056

40-80% 0.180 ± 0.00081 0.144 ± 0.00065 0.162 ± 0.00073
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4.3 Vâf(Di-Hadron)� �'é��'é¼ê
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>§� �'é¼êäk-E¥%Ý�'5"d�¥%-E��±>-E§Away-Side²

L
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4.4 � �'é^�eâf��'Ç
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ã´Λ/K0
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√

sNN = 200 GeV�Au+Au-E¥§3-E¥%Ý�10-40%�¯�¥Vâf� �'é�

¹e§Λ�Λ̄�'Ç3Away-SideÚNear-Side�'�∆φ�'X"
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ù��±�Ø3Away-Side���Near-Side��Ü©�Ó�XÚØ�"ã¥�Ñ
A^

n«ØÓ�ý�6���µ§���(J´���§¤±ù«âfV'Ç�¤æ^�

ý�6�µ´vk'X�§Ïéù«âf�V'Ç�ÿþ�±~�Away-Side��

�Near-Side��þXÚØ�¥�Ó�Ü©"ã 4-14´f�0f�V'Ç�∆φ�'X"

ã 4-15´�f�f�V'Ç�∆φ�'X"3ùü«�¹e§·�ò∆φ < π���

:(¢%:)N��∆φ > π��(�%:)"�±uyΛ + Λ/K0
S�'Ç�N3∆φ = π/2NC

'3∆φ = πNC���§éuΛ�Λ�'Ç�kaq�y�§ù�U`²3Away-Side�

��l∆φ = π� �§Ü©f�Ý'��§l�)f�êþ�A���
§ù«�

��Ü©f�Ýé�U´d�5�ÀÂÅ�)�§��U�ÀÂÅ3Ô�¥�DÂã�

k'"�´duØ���§ù�'Çk�U´�∆φÃ'�§¤±·�8c�ØU��é

(½�(Ø"�´8c�ÿþ§�±�Ñ��'�k��ïÄ��§ÙïÄ�{Ú8�

´äkM#¿Â"

4.5 �(?Ø

3Uþ�
√
sNN = 200 GeV�Au+Au-E¥§·�ÿþ
Vrf� �'é�©

Ù¼ê"±îÄþ33.0 < pT < 6.0 GeV/c«m��>rf��>uâf§±�

�K0
S§ΛÚΛ��'éâf§ÙîÄþ��´1.0 < pT < 4.0 GeV/c"·�J�
3� 

�'é^�e���O'éâf(K0
SÚΛ)3Near-SideÚAway-Side��þ�âf��§

�ÿþ
3ü���þ�âf'Ç§�)f�0f�'ÇÚ�f�f�'Ç§�

ïÄ
âf'Ç�∆φ�'X"3ÿþ¥du5guý�6v2Ú�µ�Ø�5�XÚØ�

é�§ùé·���(½�(Ø�5
é��(J§ÏLO\êâ�ÚOþ¿��\n

)ý�6òkÏu·�~�Ø�¿��(�(Ø"3STARÚPHENIXÿþ�� �'é

^�e�f�0f�'ÇÑw«Ñ3Away-Side���'Ç'Near-Side���'Ç�§

3Near-Side��þ�f�0f�'Çé�C3p+p-E¥STARÿþ�f�0f�'
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Ç§3Away-Side��þ�f�0f�'Ç%é�C3Au+Au-E¥ÿþ��¹¤k

âf�f�0f�'Ç"éuAway-Side��þf�0f�'Ç�∆φ�'XïÄ§

uy3∆φ = πNCâf'Ç�'3�l∆φ = πNC�����
§�Ò´3·�*	�

�Mach-Cone� �NC§f�0f�'Ç'��"éuΛ/Λ�'Çÿþ§·�uy3

ØÓ���þù�'Ç�����C1.0§ù�'Ç�∆φ�'X��ïÄ§uyÄ��

f�0f�'Ç�Czª³´�Ó�§Ù¥%�31.0NC"

d3Near-Side��þ�f�0f�'Çé�C3p+p-E¥STARÿþ�f�0

f�'Ç¶3Away-Side��þ�f�0f�'Ç%é�C3Au+Au-E¥ÿþ��

¹¤kâf�f�0f�'Ç"�±`²3Near-Side��§�5õ?uÔ�L¡§�

�é���?uL¡�Ô��p�^����ÑÔ�§��k?u��Ô�L¡��5

âU
�ÑÔ��ÿþ�"3Away-Side����Î7L²L��äk�pÜ©f

�Ý�Ô�§¿��Ô�u)'�¿©��p�^"ù«���Ü©f�Ý�±Úå

f���O�§�±@�·��ÿþ�(J���Ô�¥�Î|»�Å�Jø
��y

â"

3¥mîÄþ«��Vâf� �'é¥§·�*	��Away-Side��þ�V¸(

�(Mach-Cone)�/¤�Ï¿Ø´é²(§�,8céõnØïÄÑU
yù�(�§

�´¿ØU�Ñ��é(½�(Ø§Ïd·�ÁãÏLé��Oâf�Vâf'é5ï

Äù«(���)�Ï"k*:@�du�ÎÏL��Ô��§Ò¬�)ÀÂÅ§ÀÂ

Å30�¥A�±(�£Ä§�´duù�ÀÂÅ�)�âfØ¬´�Ýé¯�â

f§3·�¤ïÄ�îÄþ��S§ù
ú��âfAT´�þ���âf"duù�

�Ï§3� �'é¼ê¥���Ý��¬k�õ��þ���âf§u´¬äk��

�f�0f'Ç§,	§ù«ÀÂÅÅ���U3�u∆φ = π� ��)'�p�Ü

©f�Ý§ò¦duLÜÅ��)�fêþO\§�¬¦fu0f�'ÇòO\"

l·�y3'uf�0f�'Ç�∆φ'X�ÿþ5w§�N(J�±þ*:´��
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�§�´duÿþ(J�Ø��Ï§·�Ã{�Ñ��(½�(Ø"�´·��ÿþ�

{�3ù���þ�ïÄÚÿþJø
'�Ð���Ú�{"

2ö§3·�ïÄ�¥mîÄþpT«�§d�f��f�Ø?�ÏfRCP (31�Ù

�ã1-8)§·��±w��0f�'fäk'���Ø$"Ó�·��w�3pîÄþ

«�§fÚ0f�«O��
§fÚ0f�Ñ
�Ó�Ø$"knØO�`²§ù

´du§�Ú�f�Uþ��´ØÓ�"�ù�ØÓAT�A3fÚ0f�Ø?�

Ïf�ÿþþ§ù´Ï�§�Ú�f����z´ØÓ�"Vâf� �'é´·�ï

Äx������&�§�´·�ïÄÜ©f3��Ô�¥Uþ����Ãã"�

�Oâf�� �'é�ÿþÚïÄ±9Äuù�^�e�fÚ0f�'Ç�ÿþ§

ò¬�·�Jø���Ð�Ãã5ïÄUþ���Ú�'5"
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1ÊÙ STAR¢�Uþ�
√
sNN=62.4 GeV� Au +

Au-E¥K0
Sâf��)

�Ù0�
STAR¥K0
S0f3Uþ�

√
sNN=62.4GeV�Au+Au-E¥��)�©Û

(J"Ù¥�)3ØÓ-E¥%Ý¥�?���î�ÄþpTÌ§mT − m0Ì"âf�

�dN/dyÚ§ÝT�-E¥%Ý�'X§Ø?�ÏfRCP�ò�?Ø0�"Ù¥Ø?�Ï

fRCPd�¥%-E(0-5%)�âf���±>-E(60-80%)�âf���'���"

5.1 ØC�þÌ�[Ü

K0
S�þ�496 ± 8 MeV/c2ÏLπ+π−5�"¦^c¡Ù!0���{§·�|^

�`z�ÀJ^�5éK0
S0f?1�"ò��K

0
S0fUì-E¥%ÝÚîÄþ

?1«©§,�3��¥%Ý¥òz�îÄþÚ�S�ØC�þÌ?1[Ü"3é

Uþ�
√
sNN = 62.4 GeV�Au+Au-E¢�êâ�©Û¥§·�A^pd¼êÚ�g

�5©O[ÜK0
S0f�&Ò¸Ú��µ"ã 5-1�Ñ
3ØÓ¥%ÝéîÄþ

30 < pT < 6.6GeV«mS�K0
S0f�ØC�þÌ[Ü"ÏLé[Ü��g��È©�

��âf�þ¸e�µOê§,�dØC�þ[Ü��S�oOê¥�Ø�µOê5

��K0
S���&Ò�?�Oê"3�Ó�ÀJ^�§éu�Ó�-E¥%Ý§3$îÄ

þpT���âf��µ'��"3pîÄþpTe§duÚOþ���·��ØU��
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√

sNN=62.4 GeV� Au + Au-E¥K0
S âf��)
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 0-80%0<6.6GeV Ks
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ããã 5-1 Uþ�
√

sNN = 62.4 GeV�Au+Au-E§ØÓ¥%Ý¥§K0
S�ØC�þÌ�[Ü"
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éÐ��âfØC�þÌ"3�Ó�îÄþ��¥§3¥%-E¯�¥�âf��

µ�´'��§ù´Ï�¥%-E�Aì��)�âf'�õ§�âf�O�5(J"

3±>�-E¥§�µ'�$§�´±>-E�)�âf�A/'��"

5.2 K0
S0f��ÌÆ

²L3c©?Ø�ÀJ^�ÚÿÀAÛ��{§·��±�z�-E¥%ÝÚ

îÄþ«m�K0
Sâf§dêâ�����\?����§,�Ø±d�AkÛ�[�

��&ÿì�&ÿ�Ç?�ÚAÛ�ÂÝ?�§Ò�����K0
Sâf���©Ù"

Äk·��±��3ØÓ-E¥%Ý¥K0
Sâf��'uîÄþpT�©Ù�"�±

ÏL{ü�UCîÄþ©Ù¥�pTIÝ�mT −m0IÝ§��?���mT −m0©Ù

�( 1
2πmT

d2N
dmtdy

vs. mT −m0)"Ù¥pT�mT�'XX�§µ

mT =
√

p2
T +m2 (5-1)

mTdmT = pTdpT (5-2)

·�^�ê(Exponential)¼ê!Å�[ù(Boltzmann)¼êÚLevy¼ê©O5[

ÜK0
S�pTÚmT −m0©Ù"lz��[Ü¼ê§�±J�ÑÙ¥�ëê�âf�$ÄÆ

òÍ§ÝT§¥¯Ý«����dN/dy�±ÏLéî��þ(mT −m0)©ÙÈ©��"�

ê¼ê(Exponential)[Üî��þ©Ù��§�µ

1

2πmT

d2N

dmtdy
=

1

2π
AemT −m0/T (5-3)

Å�[ù¼ê(Boltzmann)[Ü�§�µ

1

2πmT

d2N

dmtdy
=

1

2π
AmT e

mT −m0/T (5-4)

3�ê¼ê[Ü¥dN/dy´AT (m0+T )§3Å�[ù¼ê[Ü¥dN/dy´AT (m2
0+2m0T+

2T 2)"
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√

sNN=62.4 GeV� Au + Au-E¥K0
S âf��)

-2
dy

) 
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 pπ
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ããã 5-2 Uþ�
√

sNN = 62.4GeV�Au+Au-E¥§¥%¯Ý«K0
Sâf��Ì§¿©Od�ê¼ê

ÚLevy¼ê[Ü"�ãµâf���îÄþpT©Ù¶mãµâf���î��þmT − m0©Ù"

ã 5-2Úã 5-3¥��ã§�Ñ
Uþ�
√
sNN = 62.4GeV�Au+Au-E§¥%¯

Ý«|y| < 1.0�K0
S0f3ØÓ-E¥%Ý���pT©Ù§©O^�ê¼ê!Å�[

ù¼êÚLevy¼ê�
[Ü"ã 5-2Úã 5-3¥�mã§�Ñ
K0
S0fmT −m0©Ù�

�ê¼ê!Å�[ù¼êÚLevy¼ê�[Ü"éuK0
S0f�îÄþpTÿþ���0.2-

5.0GeV/c¶�A�mT −m0ÿþ���0.02-4.0GeV/c"3pT < 2.5Ú(mT −m0) < 2.0��

�S§�ê¼êÚÅ�[ù¼êÑU'�Ð/[Üêâ§�´3�p�î��þ½îÄ

þe§ùü�¼ê�[Ü¬XÚ/$�¢�êâ"�
�Ð/[Üpî��þ�êâ©

Ù§·��±A^V�ê¼ê [42]ÚLevy¼ê5[Ü [130–132, 181]§ã¥��Ñ
�A

�Levy¼ê�[Ü�"Levy¼ê�¼ê/ªXeµ

1

2πmt

dN2

dmtdy
=
dN

dy

(n− 1)(n− 2)

2πnT (nT +m0(n− 2))
(1 +

mT −m0

nT
)−n (5-5)
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=62.4GeV)NNs(
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530-40%/10

640-60%/10
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|y| < 1.0

Bol. fit

Levy fit

(GeV/c)0-mTm

ããã 5-3 Uþ�
√

sNN = 62.4GeV�Au+Au-E¥§¥%¯Ý«K0
Sâf��Ì§¿dÅ�[ù¼ê

ÚLevy¼ê[Ü"�ãµâf���îÄþpT©Ù¶mãµâf���mT − m0©Ù"

LLL 5-1 3Uþ�
√

s
NN

= 62.4 GeV�Au+Au-E¥§d�ê¼êÚÅ�[ù¼ê[ÜK0
S��Ì��

�dN/dyÚT"¤�Ø��ÚOØ�"

Centrality Exponential Fit Boltamann Fit

dN/dy T dN/dy T

0-5 % 25.22 ± 0.262 0.275 ± 0.00127 20.97 ± 0.234 0.228 ± 0.00101

5-10 % 21.39 ± 0.245 0.279 ± 0.00142 18.00 ± 0.221 0.230 ± 0.00114

10-20% 16.58 ± 0.148 0.277 ± 0.00114 13.93 ± 0.134 0.228 ± 0.00090

20-30% 11.67 ± 0.118 0.276 ± 0.00128 9.803 ± 0.107 0.228 ± 0.00103

30-40% 7.766 ± 0.095 0.272 ± 0.00157 6.543 ± 0.086 0.224 ± 0.00124

40-60% 3.720 ± 0.044 0.268 ± 0.00153 3.117 ± 0.040 0.221 ± 0.00122

60-80% 1.015 ± 0.023 0.256 ± 0.00273 0.855 ± 0.021 0.212 ± 0.00217

0-80 % 8.523 ± 0.036 0.275 ± 0.00054 7.159 ± 0.033 0.227 ± 0.00043

²Léu��Ì�[Ü§·��±��I��ëêdN/dyÚT"L 5-1�Ñ
d

�ê¼êÚÅ�[ù¼ê[Ü���dN/dyÚT�§Ù¥Å�[ù[Ü���ëê

�é �"ã 5-4�Ñ
dN/dy�²þë\Øfê8< Npart >�'X©Ù§�±w

�dN/dy�< Npart >Ä�þ¤�5'X§dN/dyd¥%-E�±>-E4~"ã 5-5�Ñ
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√

sNN=62.4 GeV� Au + Au-E¥K0
S âf��)


T�< Npart >�'X©Ù§�X< Npart >�O\TkO\�����Ú"

dN
/d

y

0 50 100 150 200 250 300 350
0

5

10

15

20

25 Exponential

Boltzmann

<Npart>

ããã 5-4 3Uþ�
√

s
NN

= 62.4 GeV�Au+Au-E¥�¥%¯Ý«§K0
S0f�dN/dy�-E�<

Npart >�'X"

ã 5-6'�
3ØÓUþeÚØÓ-EXÚ¥Λ/K0
S�'Ç"3Au+Au-E§$î

Äþ«�Ä�áu6NåÆ�.U
)º���§âf�����þ´�'�§�)

'���0f�'�)fN´"3¥mîÄþ«�§πâf��)du�5|»

�Ø$§�´f�ÜÅ�¿ØÉ�K�§u´��
f���Or"3pîÄþ

«�§Ï�pQCD¤�Ì�u)Å�§¦�T'Çeü"3d+Au-E¥§·�vkw

��Au+Au-E¥mîÄþ«��f��O\§ù´du3d+Au-E¥§vk�

5|»�Å�5Ø$π���§¤±�Au+Au±>-E¥�'Ç�C"3ØÓ�Uþ

�Au+Au-E¥§·���
Ä��Ó�f�0f�'Ç§�Ò´�3Ä��Ó�

f��Or"L²3Uþ�
√
sNN = 62.4 GeV�Au+Au-E¥��3�Î|»�L§Å

�§=Ó�k��Ô��)"
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T
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ããã 5-5 3Uþ�
√

s
NN

= 62.4 GeV�Au+Au-E¥�¥%¯Ý«§K0
S0f�$ÄÆòÍ§ÝT�-E
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ããã 5-6 ØÓ-EXÚ!ØÓUþeΛ/K0
S'Ç�'�"d��m©O´Uþ�

√
sNN = 62.4

GeV�Au+Au-E¶Uþ�
√

sNN = 200 GeV�Au+Au-E§�)p+p-E¶Uþ�
√

sNN = 200

GeV�d+Au-E"
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√

sNN=62.4 GeV� Au + Au-E¥K0
S âf��)

5.3 Ø?�Ïf(RCP )

âf�Ø?�Ïf´ïÄØ�A!�5|»�Ô��p�^��&���"Ø

?�Ïf�½Â´¥%-E¥âf����±>-E¥âf����'Ç"ù�'Ç

^NBinary58�"�§Xeµ

RCP (pT ) =
[(dN/dpT )/NBinary]

Central

[(dN/dpT )/NBinary]Peripheral
(5-6)

ùpNBinary´3zgØØ-EL§¥§ØfØfüN-E�gê§��dGlauber�.5

O� [107, 108]"

�RCPaq§,	��Ø?�ÏfRAA½Â�3ØØ-E¥âf����3�f�f

-E¥âf���'Ç"½Â�§�µ

RAA(pT ) =
d2N/dpTdη

TAAd2σpp/dpTdη
(5-7)

ùpη´�¯Ý§TAA =< NBinaryσ
NN
inel >"RAAò�f�f-E����XÚë��5�

ORCP¥�±>Ø-Ø-E"3�f-�f-E¥§Ø��A�±����Ñ§¤±���

��Ð�ë�XÚ"RCP�ÿþ´3Ó��XÚ¥§RAA�ÿþ5guü�ØÓ��A

XÚ§Ïd¬éRAA�ÿþ�5
���XÚØ�"±e·�Ì�?ØRCP�ÿþ(J9

ÙÔn¿Â"

ã 5-7�Ñ
K0
S�Ø?�ÏfRCP§ùp�(J´A^0-5%�¥%-EØ±±

>-E(40-60%½60-80%)���"��'�§·��xÑ
�A�Λ + Λ�Ø?�Ï

fRCP [134]"dã¥§�±w�K0
S�RCP�Λ�RCP´ØÓ�"K

0
S�RCPd 0.3�mm

©O\§�pT� 1.0GeV/c�Ä�C²30.6�m¶�pT��2.2GeV/c�§K0
S�RCPm

©�Ø$eü¶0fK0
S�RCP©ª31.0�e�"éuΛ�RCP§Ó�´kþ,§

�pT ∼ 1.7GeV/c��ÿ§3(0-5%)/(40-60%)�'Ç¥§RCPÄ�C²31.0NC§�

3(0-5%)/(60-80%)�'Ç¥§RCPKþ,�1.0±þ§�pT ∼ 2.7GeV/c��ÿ§RCPm©

eü"
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Ü©´¥%Ý�0-5%�40-60%�'§eÜ©´�¥%Ý60-80%�'"¢%:L«Λ + Λ�RCP§�%:

´K0
S�RCP"·��±�Ù/w�K0

SÚΛ + Λ�RCP�3âf«a�'5§©�fÚ0fü�|"

3��Ì!Ø?�ÏfRCPÚý�6v2�pT©Ù¥§3Ä��Ó�pT �§n«ØÓ

ÔnþÄ�Ñm©u)Ø³ [114]"Ø?�ÏfRCPÚý�6v2�3Ä��Ó�¥mîÄ

þ«�LyÑ�ß�âf«a�'5"3ã 5-8¥·��±w�RCP�âf«a�'5§

3¥mîÄþ«�fΛ + Λ�RCP3þ�§0fφ [132]ÚK0
S�RCPÄ�´���§�

$uf"ù«âf«a��'5�|©§�|Ü�.�ýó [135–138]���§ù
�

.@�3¥mî�Äþ«�rf���û½urf|©§��ê8(�Ò´âf�«a)§

Ø´rf��þ¶Ó�3ý�6v2�pT©Ù¥§3¥mîÄþ«�·��*	�aq

�ã� [169]§��±A^§�|Ü�.5)º"

Uþ�
√
s

NN
= 62.4 GeV�Au+Au-E¥K0

S�RCPk
ØÓu·�3Uþ�
√
s

NN
=

200 GeV�Au+AuÚd+Au-E¥¤*	��(J"ã 5-9¥'�
ØÓUþÚØÓ-E
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sNN=62.4 GeV� Au + Au-E¥K0
S âf��)
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ããã 5-8 3Uþ�
√

s
NN

= 62.4 GeV�Au+Au-E¥�¥%¯Ý«§K0
S§φ0fÚΛ + Λf�Ø?�Ï

fRCP'�"K0
SÚφ0f�RCP´¥%Ý�0-20%�60-80%�'§Λ + Λf�RCP´�¥%Ý0-5%�60-

80%�'"

XÚe�K0
S0f�Ø?�ÏfRCP"�±w�§3Au+Au-E�XÚ¥§K0

S0f�Ø

?�ÏfRCP < 1.0§�´3d+Au-E�XÚ¥§RCP > 1.0"3Au+Au-E¥§�±

��/¤p§p�Ô�¤I��Uþ�Ý¶�´3d+Au-E¥§ØU��¤I���

Ý§¤±vkp§p�Ô���3"RCP3Au+Au-E¥pîÄþ«��Ø$��5

�� [140, 141]ÚÜ©f3ÚÀæ�¥�Ú [142]�ã���§�´3d+Au-E¥§´v

k�5���¹�§Ïd§�Î���±�Ð/)ºØ?�Ïf�ã�"3d+Au-E

�RCP¥§3îÄþ�1.5 < pT < 3.0GeV��S§·���±*	��½�Cronin�A

[143]"

5.4 �(?Ø

·�ÿþ
3Uþ�
√
sNN = 62.4 GeV�Au+Au-E¥§ÛÉ0fK0

S��)"A

^V0AÛÿÀ��{�
K0
S0f§��K

0
S0f����îÄþpT�mT −m0�©Ù

�"A^�ê¼ê!Å�[ù¼êÚLevy¼ê5[Ü©Ù�§��[ÜëêdN/dyÚ
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ããã 5-9 3Uþ�
√

s
NN

= 62.4 GeVÚ
√

s
NN

= 200 GeV�Au+Au-EÚUþ�
√

s
NN

= 200

GeV�d+Au-E¥§¥%¯Ý«�K0
S0f�Ø?�ÏfRCP'�"3Au+Au-E¥�RCP´¥%Ý

�0-5%�60-80%�'¶3d+Au-E¥�RCP´�¥%Ý0-20%�60-80%�'"

§ÝT"dN/dy�X< Npart >�5O\�, Ó�§ÝT�´�X< Npart >d±>�¥%

O\§3�½�-E¥%Ý�����Ú"

·�O�
3Uþ�
√
sNN = 62.4 GeV�Au+Au-E¥§ÛÉ0fK0

S�Ø?�

ÏfRCP§¿�φÚΛ�Ø?�Ïf?1
'�"'�
3ØÓUþe(
√
sNN = 62.4

GeVÚ
√
sNN = 200 GeV)ÚØÓ-EXÚ(d+AuÚAu+Au)¥�K0

SØ?�Ïf�ÿþ(

J§3éØÓâf�'�¥§�±w�φâfÚK0
Sâf�Ø?�Ïf´���§Λ

f�Ø?�Ïf��uü«0f�Ø?�Ïf§¥yâf«a�'5"ù�STAR®²

ÿþ�Ù¦âf�Ø?�Ïf�5Æ´���§ù«âf«a�'5§3ý�6v2�ÿ

þ¥�U
*ÿ�"3Uþ�
√
sNN = 62.4 GeV�Au+Au-E¥§f�0f�Uþ�

�´ØÓ�"3éØÓ�AUþ�'�¥§·�uy3
√
sNN = 62.4 GeV�Au+Au-

E¥§K0
S0f�Ø?�Ïf�'3

√
sNN = 200 GeV�Au+Au-E¥��p�
§3

ùü�-EUþ¥§K0
S0f�Ø?�Ïf3�pîÄþeÑ´k²w�Ø$�"·

��uyK0
S0f�Ø?�Ïf3

√
sNN = 200 GeV�d+Au-E¥§´31.0NC�,ù�
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√

sNN=62.4 GeV� Au + Au-E¥K0
S âf��)

3Au+Au-E¥�(J��ØÓ§`²3ØÓ�-EXÚ¥§âf�Uþ��´ØÓ

�"

·�'�
3ØÓUþeØÓ-EXÚ¥Λ/K0
S�'Ç§�±w�3ØÓUþ

�Au+Au-E¥Ñ�3Xf���Or§3p+pÚd+Au-Evkw�ù«y�"ù

`²3Uþ��
√
sNN = 62.4 GeV�Au+Au-E¥k��Ô��3§�k�5|»Å

��)"

3Au+Au-E¥§Uþ�Ý�±��/¤p§p�Ô��I�¶�´3d+Au-E

¥§�Ø�I��Uþ�Ý§¤±vkp§p�Ô���3"ÏLédØÓ-EXÚ¥

�'�§�±uy3Uþ�
√
sNN = 62.4 GeV�Au+Au-E¥§®²�U�)ù«��

Ô�"
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18Ù p+p-E¥Vâf� �'é3PYTHIA

�.¥�O�

3Ä��Ü©f�p�^¥§âfÏ~dü«�ª�)§^�9L§ÚM�Ü

©f�p�^L§"8c§�~^�£ãrfrf�p�^��.��´PYTHIA�

.§PYTHIA�.´pÝnÜ��.§CX
�6Ú��6���¡�-E§Ä

uLundu���. [144, 145]§�´°(/�¹
Ð©�Ú�ª�Ü©fG�Ú�M�L

§§�±¤õ/£ãe+ e.Úp+ p-E�(J [146]"�
�Ð/n)��Oâf�� �

'é�ÄåÅ�§·�A^PYTHIA�.éUþ�
√
sNN = 200 GeV�p+p-E?1
�

[O�"

A^%@�PYTHIA��ëêO��âf��ØUéÐ/[ÜSTAR�¢�êâ§¤

±·�Ú\
ü�ëê§LO K-XêÚÜ©f�S3XêkT§K-Xê´��dp�Ü©

fL§5�üNO\�CqXê§Ï~�ûu6Ñ�§��Ú-EUþ [147]"Äu�

ªÜ©f^�§·�òPYTHIA¯�\±«©§ò�ªÜ©f��qq�¯�¡�§��

Î¯�(quark jets)¶�ªÜ©f��gg�¯�¤��f�Î¯�(gluon jets)"STAR�ï

ÄL²§�¯��âf��Ì3pmTew«ÑU�þ©Ù�5Æ¶�´�f¯��âf

��Ì%LyÑ'u0fÚf�âf«a©a5Æ§�0f�Ì��M
"ã 6-1´

A^PYTHIAO��ØÓ"�¯�¥8�z�âf��©Ù [148]",	���ïÄL²
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3�)�f�L§¥(Xqg§gg§qqgÚggg) [58]§f��Ý¬O\"Ó��fÚ§�3

0�¥�Uþ���´ØÓ�§¤±ÏLïÄ§�¯�Ú�f¯�¥��Oâf�� 

�'é�U���±þïÄ�'�&E"
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ããã 6-1 PYTHIA�.¥§Uþ�
√

sNN = 200 GeV�p+p-E¥��Oâf�mT©ÙÌÆ"ã(a)§�

¯�§"�´qq¶ã(b)�f¯�(gg)±9§��f·Ü�¯�(qg)¶ã(c)¤kn«¯�·Ü�¯�"âf

��Ì®²�8�z"

6.1 Vâf� �'é¼ê

·�3PYTHIA�.¥O�
√
sNN = 200 GeV�p+p-E¥���Oâf��'

éâf�Vâf� �'é¼ê"Vâf� �'é�ÿþ�{®²3c©kä

N£ã§ùpA^��{Ä��c©�Ó§duO��´3p+p-E¥�Vâf

� �'é§¤±ØI��Ødý�6�5�'é�µ"3O�¥§3|∆η| < 1.0

(∆η = ηasso − ηtrig§|η| < 1.0)���S§òîÄþ��´3.0 < pT < 6.0 GeV/c��>r

f��>uâf¶Ó�½Â'éâf�îÄþ��´1.0 < pT < 4.0 GeV/c"Äuù
^
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ããã 6-2 3PYTHIA�.¥§Uþ�

√
sNN = 200 GeV�p+p-E¥��>rf�Vâf'é¼ê"Ù¥

¢%:��ÜPYTHIA¯�§n��§�¯�§Ê�(��f¯�"

ã 6-2´PYTHIA�.¥§Uþ�
√
sNN = 200 GeV�p+p-E¥��>rf�Vâf

� �'é¼ê"3Vâf'é¼ê¥§·��±uy3Away-Side��§=∆φ ∼ πN

C§¿vkr��Ø$§ù�STAR3p+p-E�¢�êâÿþ´���"ã¥'�
Ø

ÓPYTHIA¯�¥�>rf�Vâf� �'é§d'��±²w/w�3§�¯�¥

Vâf� �'é¼ê�$§3�f¯�¥Vâf� �'é¼ê�p"

Ó�·��«©
��>Ú�K>�rf�Vâf� �'é¼ê"ã 6-3´

3PYTHIA�.¥§Uþ�
√
sNN = 200 GeV�p+p-E¥��>rf�Vâf�'é�

rf¤�>Ö�'X"� �'é¼êA^��Vpd�§5[Ü§[Ü�§� [149]µ

D(∆φ) = AN
e−(∆φ)2/2σ2

N

√
2πσN

+ AB
e−(|∆φ|−π)2/2σ2

B

√
2πσB

+ P (6-1)

3ã¥�±w��K>Örf�k^�âf���'��>Örf�$"�

3Away-Side(∆φ ∼ π)��§�K>Ö�rf�'é�¸°Ý�'��>Ö�Ä¶�´
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√
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Ø

ÓPYTHIA¯�¥��>ÚK>rf�Vâf'é"Ù¥Ê�(´�f¯��Vâf'é¶n�´§�¯

��Vâf'é"
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3Near-Side(∆φ ∼ 0)�>§ü«âf©Ù�¸°ÝÄ��Ó"3ã 6-4¥�'�
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[Ü"·��±
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S�©Ù$§Ó�3∆φ ∼ πNCk²w�'é¸Ñy"
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√
sNN = 200 GeV�p+p-E¥§K0

S(¢%n�)ÚΛ+Λ(¢%:)�V

âf'é¼ê"ã¥�´A^Vpd¼ê�§ 6-1é'é¼ê�[Ü"

LLL 6-1 3PYTHIA�.¥§Uþ�
√

s
NN

= 200 GeV�p+p-E¥d�§ 6-15[Ü�Vâf'é¼ê�

[Üëê"

h+ h− K0
S Λ+Λ

AN 0.0577 ± 0.0002 0.04804 ± 0.0002 0.0066 ± 0.000078 0.002576 ± 0.000064

σN 0.3247 ± 0.0013 0.3244 ± 0.0014 0.3172 ± 0.0036 0.3465 ± 0.0107

AB 0.0434 ± 0.0003 0.03401 ± 0.0002 0.00483 ± 0.0001 0.002296 ± 0.000075

σB 0.544 ± 0.003 0.5339 ± 0.0034 0.591 ± 0.011 0.5384 ± 0.0152

P 0.0083 ± 0.000056 0.00674 ± 0.00005 0.00114 ± 0.00002 0.0004867 ± 0.0000175

[Üëê3L 6-1¥�Ñ§Ù¥Ø��´ÚOØ�"l[Üëê§·��±u

yANÚABl��>Ö�rf'é¼ê�[Ü�éΛ'é¼ê�[Ü�L§¥´4~�"

ù�N´duâf��ØÓ¤�)�"Near-Side¸�σNéu>Ö��'5Ø´é�§�

´σBk�½�>Ö�'5"dK
0
S�Λ§σNÚσB�Czwå5´���"
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A^PYTHIA�.O�
Uþ�
√
s

NN
= 200 GeV�p+p-E¥�Vâf� �'

é§«OO�
3§�¯�Ú�f¯�¥��Oâf�� �'é§Ú«©��>Ú�
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K>rf�Vâf'é¼ê"3·��O�¥§3|∆η|< 1(∆η = ηasso − ηtrig)���S§

òîÄþ��´3 < pT < 6 GeV/c��>rf��>uâf¶Ó�½Â'éâf�îÄþ

��´1 < pT < 4 GeV/c"

3Vâf'é¼ê¥§·��±w�3Away-Side��§=∆φ∼ πNC§¿vkr�

�Ø$§ùuSTAR�¢�êâÿþ´���"�±`²3p+p-E¥vkAu+Au-E

¥�U�)���Ô���3§�vk�5|»�A�)"dØÓPYTHIA¯�¥�>

rf�Vâf'é�'�§�±²w/w�3§�¯�¥Vâf'é¼ê�$§3�

f¯�¥Vâf'é¼ê�p"3«©>Ö�rf'é¼ê�O�¥§�K>Örf�

k^�âf���'��>Örf$"3Away-Side(∆φ ∼ π)��§�K>Ö�rf�

'é�¸°Ý�'��>Örf�Ä¶�´3Near-Side(∆φ ∼ 0)�>§ü«âf�¸°

ÝÄ��Ó"XJ·�òØÓ���Oâf�� �'é?1'�§�±��3pp-E

¥âf'Ç'u∆φ�'X�"dÐÚ�(J§·�uyù��Ä�´Y²�"Ï

LPYTHIA�.�ïÄ§·��±�Ð/n)3pUÔn¥���Å�"
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1ÔÙ õ�Ñ$�.(A Multi-Phase Transport

model)¥ý�6�O�

õ�Ñ$�.(A Multi-Phase Transport (AMPT) model)´���)õ��^L

§��AkÛ�éØlf-E�.[150]"§©ü���µ(I)vkuKzÅ�

�AMPT�.§·�¡§�Default-AMPT�.[151]¶(II)äkuKzÅ��AMPT �

.§¡�Melting-AMPT�. [152, 153]"ã7-1Úã7-2�Ñ
ùü«���L§«¿ã"

ããã 7-1 Default-AMPT�.�(�«¿ã"

ü«��Ñ�)o�Ì�|¤Ü©µ(1)Ð©z§(2)Ü©f�p�^§(3)rfzL

§§(4)rf2Ñ�L§"

199�



100 1ÔÙ õ�Ñ$�.(A Multi-Phase Transport model)¥ý�6�O�

ããã 7-2 äkuKzÅ��Melting-AMPT�.�(�«¿ã"

e¡©Oéo�|¤Ü©��
`²: 1�Ü©Ð©z"Ì��)minijet�Ü©

fÚ^-uu��I�mÚÄþ�m©Ù§ù
´���gHIJING�. [154, 155]¥

���m©Ù"3HIJING�.¥ü�-E�fØSØf�Ýæ^Woods-Saxon©Ù§

3U«�Øf�m�M-E�)
minijet�Ü©fÚ-u�u"3Melting-AMPT�

.¥§-u�u¬Äk�âLUND��Å���¤rf [156]§,��)�rf�â

§����Úg^�©)�Ü©f§ù�±�n)�u�Kz§Kz�Ü©f©

Ù3Kz�rf(u)�±�"Kz�)�Ü©f/¤�m�IP�tf = EH/m
2
T,H§

ùpEHÚmT,HL«Kz�rf�UþÚî��þ"�)�Ü©f��þæ^6�

þmu=5.6MeV§md=9.9MeV§ms=199MeV"

1�Ü©Ü©f�p�^"minijetÜ©fÚuKz�)�Ü©f�m�?é�p�^

L§(=Ü©f�Ñ$L§) ¦^Å�[ùÑ$�§?1O�§Ü©f��m©Ù�X�

mu)üz"ùpÅ�[ùÑ$L§^Zhang�ZPC?1�[ [158]§�ü�Ü©f�m�

ål�u
√

σ/π�§Ü©f�mòu)Ñ�§8cZPC==�)Ü©f�m�üNÑ�§

�A�-E�¡¦^�6QCD¼�:

dσp

dt
=

9πα2
s

2
(1 +

µ2

s
)

1

(t− µ2)2
(7-1)

1100�
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Ù¥αs�ÍÜ~ê§sÚt�LIO�MandelstamCþ§k��¶-�þµ�6uÜ©fÔ

��§ÝÚ�Ý§·�ÏL�½µ�±��Ü©f�p�^�o�¡"(3�Ø©�O�

¥·�©ª�½Ü©f�p�^��¡�10mb")

1nÜ©ü�ØÓ��æ^
ØÓ�rfzÅ�"�Ü©f�mØ2ku)�

p�^��U�§Default-AMPT�.¦^LUNDu����{?1rfz [156, 157]§

Melting-AMPT�.¦^��{ü�Ü©f|Ü�.§ò�C�Ü©fUì§�|©|

Ü¤0f½f"3|ÜL§¥§��±
nÄþÅð§ÏL©Û|Ü§����§Ú

ÙØC�þ�=�«rf�þ��C§5�ä|Ü�)=�«âf§|Ü/¤�rf�

)Ø
η‘§Σ∗ÚΞ∗±	¤kHIJING�.¥�rf"@�rf/¤L§�I��½�m§

�0.7fm/c",	§rf�/¤´�X�müz3�AXÚØÓ�mÚ ��)�§¤±

3XÚüz�L§¥¬/¤��Ü©fÚrf����mL§"

1oÜ©rf2Ñ�L§"�rfzL§(å§¤k�)�rfòu

)2Ñ��p�^"ARTÜ©�±^5�[ù�L§§ART¥8c��Ä


π§ρ§ω§η§K§K∗§φ§N§∆§N∗(1440)§N∗(1535)§Λ§Σ§Ξ§ÚΩ�rf§�

)
f-f§0f-0f§f-0f�m��p�^§¿�Ä
Ó ^gdÝ§Øf

ÚK0f�²þ|�A§U
'�Ð/£ãAGSUþe�¢�ÿþ(J [159–161]"

AMPT�.®²éRHICUþe�éõ¢�(J�Ñ
éÐ�£ã"~X§âf�

î�Äþ©Ù§ý�6§HBTÚüâf§nâf� �'é�"�Ù!òäNQãA

^AMPT�.?1âf8N6�ïÄ§AO´é�>rfÚΩf�v2Úv4�ïÄ"

7.1 ��É56�O��{

âf���É56vn´âfîÄþ�m�� �(φ)©Ù�Fá�ÐmXê"ù��

 �´Ú�A²¡ [182]�'�"Fá�Ðm�/ª�µ

E
d3N

dp3
=

1

2π

dN

pTdpTdy
[1 +

∑

2vn(pT , y)cos(nφ)] (7-2)
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Ï�âf-E�AÛXÚ3� �²¡´é¡�φ ↔ −φ§¤±3±þ�Ðm¥´v

ksin¼ê��"éu-E¥3¥m¯Ý�âf§éAFá�Ðm¥Ûê����É5

6§dué¡5φ↔ φ + π¤�""��É56Ï~dâf�îÄþÚ¯Ýû½§3�

��½�¯Ý§��É56�îÄþ�'X�±^±e�§5L«µ

vn(pT ) =< cos(nφ) > (7-3)

ùp< . . . >L«éu�½îÄþpT�âf3� �©Ùþ�²þ�"��É56vn��

±L«��½^�e�ü�âfÄþ�²þ�µ

v2(pT ) =<
p2

x − p2
y

p2
T

> (7-4)

v4(pT ) =<
p4

x − 6p2
xp

2
y + p4

y

p4
T

> (7-5)

v6(pT ) =<
p6

x − 15p4
xp

2
y + 15p2

xp
4
y − p6

y

p6
T

> (7-6)

v8(pT ) =<
p8

x − 28p6
xp

2
y + 70p4

xp
4
y − 28p2

xp
6
y + p8

y

p8
T

> (7-7)

ùppxÚpy´u�âf�Äþ3�A²¡SÚR��A²¡��þ�©þ"

7.2 ½�6�O�

½�6´�Ä�A²¡�âf� �©Ù�Fá�Ðm�1���Xê(v1) [163]"

¥%¯Ý«�S�½�6���@�´p§p�§�Ô��)�&Ò [164]"·�A

^AMPT�.O�
Ω§p§πÚK�½�6(v1)"

ã 7-3´ dMelting-AMPT� . O � � U þ �
√
sNN = 200 GeV�Au+Au- E

¥§Ω§p§π§KÚ�>rf�½�6(v1)�¯Ý�'X§¿�STAR�¢�êâ?1


'� [166, 167]"�±w�§3Melting-AMPT�.¥§ØÓâf�|v1|Ñ�X|y|O\§
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y
-5 -4 -3 -2 -1 0 1 2 3 4 5

1v

-0.05

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

 0-80%1 v

πAMPT 

AMPT Kaon

AMPT Proton

AMPT Charged Particles

STAR Au+Au 200GeV
Charged Particles 10%-70%

ããã 7-3 3Melting-AMPT�.¥§Uþ�
√

sNN = 200 Ge�Au+Au-E¥§π§K§pÚ�>rf�v1�

¯Ýy�¼ê©Ù§¿�STAR¢�êâ?1
'� [166, 167]"

��>rf�(J3Ø���S�STAR¢�êâ��"3¥%¯Ý«�KÚπ�v1wå

5'��q§��C�""fp�v1Ú0fk
ØÓ§3|y| < 4�«�§p�v1wå5U

C��ng§ù�¡�½�6Ak�{Ä(wiggle) [165]"3�¯Ý«§p�½�6v1&Ò

Ú0f´���§L²fp�Ô���p�^´ØÓ�"

7.3 ý�6�O�

��É56�±Jø�·�3-E«��)�p§p�ÝÔ���G��§&E§

±�Ï·�n)9z§§��f�lfNÚ�C�&E"ý�6´âf� �'é�F

á�Ðm�1��Xê§ý�6�k-E@ÏüzL§�&E"z�¯��âf�)�

�� ����É5�@�´é�éØlf-E@ÏüzL§�&� [168]"3{I

Ù°�°©I[¢�¿(Brookhaven National Laboratory)�RHIC¢�¥§STAR®²ÿ

þ
197Au + 197Au-E�ý�6 [169, 170, 173, 176, 189]§uy3pT < 1.0 GeV/c���

S§6NåÆ�.�±éÐ/£ã¢�ÿþ�v2 [182, 183]Úâf��Ì [184]§ù
�.

ýó�v2´�XpTþ,üNO\�§¿�LyÑ�þ��65§=�þ���âf6

��"3¥mîÄþpT��§¢�ÿþ�v2 l
6NåÆ�.�ýó(J§Ù�ªu
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104 1ÔÙ õ�Ñ$�.(A Multi-Phase Transport model)¥ý�6�O�

�Ú§�f�ý�6pu0f�ý�6§LyÑâf«a��65"3¢�ÿþ

¥§uy�v2ÚpTÑ�|©§��ê8nq8��(éu0fnq�u2§éufnq�u3)§

3¥mpT��§�Ü©âfÑ�±�8��Ó�^�þ"·�rù���|©§�I

ÝÇ(NCQ scaling)"ù�IÝÇL²3¥mpT��§|©§�ê�±w�û½rfý�

6����Ì�gdÝ"§�2(Ü/éÜ�.b�|©§�3/¤rfc��XgC

�v2ý�6§rf�v2dù
(Ü�|©§��ý�6¤û½"ù
�.�±éÐ/[Ü

¥mîÄþpT«��âfý�6©Ù§`²XÚ3rfz�c´�;4�G�"õÛÉ

5fäk'���rf-E�¡ [174]§Ïd§ÿþ§��ý�6v2�±��@Ï�Ü

©f��&E"3RHIC-STAR�¢�¥§é�îÄþeõÛÉ5f�ý�6ÿþ(J

�6N�.ýó��þ©a´���"

ùpÌ�?ØA^AMPT�.O��Ω + Ω̄(sss, s̄s̄s̄)f�ý�6§¿�ïÄý�6

�-EUþ(200GeV§62.4GeV)�65§�.O��(J�¢�êâ?1
'�"

7.3.1 Ω− + Ω̄+�ý�6v2Úv4

2v

0 1 2 3 4

0

0.1

0.2

0.3
2   Au+Au 200GeV v

   AMPTφ
  AMPTΩ

   STAR Exp.φ
  STAR Exp.Ω

 (GeV/c)
T

p

2v

0 1 2 3

0

0.1

0.2

0.3
2   Au+Au 200GeV v

   AMPTφ
  AMPTΩ
   STAR Exp.φ
  STAR Exp.Ω

)2 (GeV/c0-mTm

ããã 7-4 �ãµ3Melting�AMPT�.¥Ω− + Ω̄+Úφ�ý�6�îÄþpT©Ù"Ó���Ñ


STAR3
√

sNN = 200 GeV�Au+Au-E¥�(J"ã¥�¢�´éfý�6�[Ü§J�´é

0fý�6�[Ü[21]"mãµý�6�(mT − m0)©Ù"

ã 7-4´3Melting-AMPT�.O�
√
sNN = 200 GeV�197Au + 197Au-E�Ω + Ω̄

fÚφ0f [175]�ý�6v2�îÄþpT©ÙÚmT −m0©Ù"O�¥^
���Ü©fÑ
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��¡(10 mb)"ã¥·��'�
STAR�¢�êâ [176]"Melting-AMPT�.éuý�

6v2�O�(J§3pT < 1.5 GeV/c����'¢�êâ(J�25%"3mã$îÄþ�

�S§Ω− + Ω̄+Úφ�ý�6v2Ó��Ì�þ�'5Ú6NåÆ�.�ýó��"3¥m

îÄþ«�§dAMPTO��Ω− + Ω̄+�ý�6v2�STAR�¢�ÿþ3Ø���S´�

��§Ω− + Ω̄+�ý�6v2äk�Ù¦fý�6�Ó�1�§φ0f�ý�6�Ù¦

0fý�6äkÓ��1�LyÑâf«a��65 [175, 177–179]"mã´ý�6�

î��þmT −m0�'X§�±w�3(mT −m0) < 1.0 GeV/c2���S§Ω− + Ω̄+f

Úφ0f�ý�6�±�Ð/8���å"3¥mî�ÄåÆUþ��§ý�6E,w«

Ñ�½�fÚ0��©a'X§ù�PHENIX [180]ÚSTAR�ÿþ(J��"

¦+φÚΩ− + Ω̄+�@�3-E�rfz�ãé�ë�2Ñ�§�´3(½�îÄþ

��§§��ý�6v2�Ù¦f0f���§L²-E8N3rfz�c�üzL§7

Lé¯"3¥mîÄþ��§φ0f�ý�6q�'Ωf�ý�6�@�
���Ú"

q
/n 2v

0 0.5 1 1.5

0

0.05

0.1

q/n2   Au+Au 200GeV v
   AMPTφ
  AMPTΩ

   STAR Exp.φ
  STAR Exp.Ω

 (GeV/c)q/n
T

p

q
/n 2v

0 0.2 0.4 0.6 0.8 1 1.2

0

0.05

0.1

q/n2   Au+Au 200GeV v
   AMPTφ
  AMPTΩ

   STAR Exp.φ
  STAR Exp.Ω

)2 (GeV/c
q

)/n0-m
T

(m

ããã 7-5 �ãµAMPT�.¥§Uþ�
√

sNN = 200 GeV�Au+Au-E¥§Ω− + Ω̄+Úφâf|©§�

ênq8��ý�6v2 �|©§�ênq8��îÄþpT /nq�'X"Ó�·���STAR�¢�êâ?1
'

�"ã¥�´[Ü8���ý�6v2
[21]"mãµAMPT�.¥§Uþ�

√
sNN = 200 GeV�Au+Au-

E¥§Ω− + Ω̄+Úφâf|©§�ênq8��ý�6v2 �|©§�ênq8��mT − m0/nq�'X"Ó�

ÚSTAR�¢�êâ?1'�"

ã 7-5¥§´3Melting-AMPT�.¥§Ω− + Ω̄+�ý�6v2�|©§�ênq8�z©

ÙÚSTAR�¢�êâ�'� [176, 181]"�ã´Ω− + Ω̄+Úφâf|©§�ênq8��ý
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�6v2�|©§�ênq8�z�îÄþpT/nq�'X¶mã´�mT −m0/nq�'X"3

¥mîÄþpT«�§φÚΩ− + Ω̄+�ý�6LyÑ�Ð�|©§�ê8nqIÝÇ"��§

��ý�6�'� [175]§Ω− + Ω̄+Úφ�ý�6IÝÇ��q�'�°§ù�N´Ï�

3AMPT�.¥§3@ÏL§¥s(s̄)§�vk���9z"

2v

0 0.5 1 1.5 2 2.5 3 3.5

0

0.1

0.2

0.3
RQMD

Default AMPT

Melting AMPT

STAR Au+Au 200GeV

 (GeV/c)
T

p

ããã 7-6 3Default-AMPT� . §Melting-AMPT� . ÚRQMD� . ¥ § U þ �
√

sNN = 200

Ge�Au+Au-E¥§Ω− + Ω̄+f�v2"¿�STAR¢�êâ?1
'�"

Ó�·�'�
Ω− + Ω̄+f�ý�6v23ØÓÅ��AMPT�.(Default-AMPT�

.§Melting-AMPT�.)ÚRQMD�. [185]¥�(J§�ã 7-6"�±w�Default-

AMPT�.ÚRQMD�.�(J´���¶�´'¢�êâ²w/$éõ¶Melting-

AMPT�.O��(J�¢�êâ��"Default-AMPT�.ÚRQMD�.´ü�vkÜ

©f�L§�Ñ$�.§�´Melting-AMPT�.´�3Ü©f��Ñ$�."¤±Ly

3�(/£ãRHICUþe�lf-E�L§¥§Ü©f�p�^´Ø�"��"·�

'uõâf� �'é�ó���Ñ
Ó��(J [186–188]§Ü©fÑ�òO\âf�

ý�6v2�&Ò"

ã 7-7�Ñ
3Melting-AMPT�.¥§ØÓUþeAu+Au-E¥Ω− + Ω̄+fý
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2v

0 1 2 3

0

0.1

0.2

0.3
2 vΩ  Au+Au 

AMPT 62.4GeV

AMPT 200GeV

STAR 62.4GeV

STAR 200GeV

 (GeV/c)
T

p

2v

0 0.5 1 1.5 2 2.5

0

0.1

0.2

0.3 2 vΩ   Au+Au 
AMPT 62.4GeV
AMPT 200GeV
STAR 62.4GeV
STAR 200GeV

)2 (GeV/c0-mTm

ããã 7-7 �ãµMelting-AMPT�.¥§Uþ�
√

sNN = 62.4 GeVÚ200 GeV�Au+Au-E¥§Ω− +

Ω̄+f�ý�6v2�îÄþpT�'X"mãµMelting-AMPT�.¥§Uþ�
√

sNN = 62.4 GeVÚ200

GeV�Au+Au-E¥§Ω− + Ω̄+f�ý�6v2�mT − m0�'X"Ó�·�'�
STAR�¢�êâ"

�6v2�'�"·�O�
Uþ�
√
sNN = 62.4 GeVÚ200 GeV�Ω− + Ω̄+�v2"�ã

´Ω− + Ω̄+�v2�îÄþpT�'X§mã´�mT − m0�'X§¢�(J5gSTAR¢

�|"�.O��(J3Ø���S�STAR�¢�êâ´���"d"�pt ∼ 2.0

GeV/c½(mT − m0) ∼ 1.0 GeV/c2���ØÓUþe§Ω− + Ω̄+�v2wå5´Ä��Ó

�"ùL²3Uþ�
√
sNN = 62.4 GeVÚ200 GeV�Au+Au-E¥§äk�©�q�Ü

©fÔ���3"

ã 7-8¥'�
Melting-AMPT�.O��ØÓUþeAu+Au-E¥Ω− + Ω̄+�v4�î

ÄþpT�'X"�v2�aq§ØÓUþe�v43��îÄþ«mSÄ���§�´duê

âÚOþ��Ï§�3�½�Þá"

7.3.2 �>rf�v2Úv4

,	§·�O�
�>rf�ý�6v2Úv4"

ã 7-9´Melting-AMPT�.O��3Uþ�
√
sNN = 62.4GeVÚ200 GeV�Au+Au-

E¥§�>rf�ý�6v2"3STAR¢�êâ¥§ØÓUþe��>rf�ý�

63îÄþpT < 2.5 GeV���S§Ä�´���"�´·�3AMPT�.¥�±
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4v

0 0.5 1 1.5 2 2.5

0

0.05

0.1 4 vΩ   Au+Au 

AMPT 62.4GeV

AMPT 200GeV

 (GeV/c)
T

p

ããã 7-8 Melting-AMPT�.¥§Uþ�
√

sNN = 62.4GeVÚ200 Ge�Au+Au-E¥§Ω− + Ω̄+fv4�

îÄþpT©Ù"

w�§3
√
sNN = 200 GeV�Au+Au-E¥§�>rf�ý�6v2�'362.4GeV�

ý�6p15%§AO´3pîÄþ��§�±uy²w�«O"ã 7-10�Ñ


3Melting-AMPT�.ÚSTAR¢�êâ¥ØÓ-EUþe§�>rf�ý�6�'Ç"

3Melting-AMPT�.¥§ù�'Ç��31.15�m§3STAR¢�êâ¥ù��31.0�

m§�´üö�ª³´���§3O����SÄ��îÄþÃ'"

ã 7-11´·�A^Melting-AMPT�.O���>rf�v4"�>rf�v4�îÄþ

O\O\§200GeV�(J�éu62.4GeV�(Jk���O�"ã 7-12´3Melting-

AMPT�.¥O��
√
sNN = 62.4GeVÚ200 GeV�Au+Au-E¥§v4�v

2
2�'�"d

O�(J�±w�3Melting-AMPT�.¥§v4�±éÐ/�1.2��v2
28�z§ù

�STAR�¢�êâ(J [189]´���"XJÜ©f6vk�z�{§ù�'��@��

��
 [190]"8c�ïÄ(J`²Ü©f��p�^éu�(/£ã3RHIClf-E

¥��p�^L§´�©7��"3$Ulf-E¥§éu��¡�v4�v
2
2�'�L²

[191, 192]§ù�Xê��´0.5§ùÚpUÔn�O�(J´ØÓ�"
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ããã 7-9 Melting-AMPT�.¥§Uþ�
√

sNN = 62.4GeVÚ200 Ge�Au+Au-E¥§Ω− + Ω̄+fv4�

îÄþpT©Ù"

 R
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